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LEOTtTRE I. 



CHEMISTET. 

When treating of the subject of explosives iiiid points 

^Hig out the applicability of these substances to ccrtjiiu 

jdesired uses, it is quite important that considerable atteu- 

Ition should be given to their composition, methods of 

I production and chemical and phyaciil properties, but this 

: camiot be done with precision and without circximlocu- 

tion, except by the use of the formulas and language of 

chemistry. As, however, chemical nomcnchiture and the 

meaiung of many of the terms employed in chemistry 

have undergone mnny changes in recent years, and, as 

your profeasioual duties have necessarily prevented you 

■om keeping infomied regarding tliese changes, it seems 

ic, in order that it may be perfectly understood what 

mcaniug is to be attaclu'd to the conventions used, that 

should devote a portion of the limited time at our 

posal to a hasty review of this science, illustrating it so 

r as circumstances pennit by appropriate experiments. 

Chemistry is a material science and deals with tlie 

■operties of the matter of which substances are com- 

lOBed. So does Physics also, hence at the outset we 

t distinguish between the provinces of these two 

^ly related j'ciences. For this purpose let us take a 

I of sugar. On inspection we find it to consist of 

1 crystals, having a vitreous luster and, in the mass, 



a white color. But what is most noticeable is that we 
find, on trial, that the sugar possesses a marked sweet 
taste. In fact, we know from our daily experiences that 
this sweet taste is a characteristic and inherent property 
of the sugar. Let us now grind this sugar in a mortar 
and the result is that we eventually reduce it to so fine a 
powder that the crystals disappear from view to the naked 
eye, the luster becomes dimmed, and the color becomes 
uniformly white, yet, on trial we find it to still possess its 
characteristic sweet taste. Let us now treat it with water 
and soon the mass disappears wholly from view owing to 
its being dissolved by the water, yet on testing the solu- 
tion we detect the presence of the sugar by its character- 
istic sweet taste. 

Let us now take another mass of sugar, place it in a 
platinum dish and heat it over a lamp. We first observe 
that the mass fuses, but if we test the mass at this stage 
we still obtain the characteristic sweet taste. We con- 
tinue the heating and we next observe that the ma«s 
begins to blacken and to yield dense fumes, and that this 
continues until the mass in the dish attains the appear- 
ance of charcoal. On testing this mass we find that the 
characteristic sweet taste has wholly disappeared, and 
that in place of the soluble, white, sweet, crystiilline mass, 
having a vitreous luster, with which we started, we have 
obtained an insoluble, black, tasteless mass having a sooty 
luster. Evidently we have obtained by this process a 
substiince or substances wholly unlike sugar, and in the 
process we have destroyed the identity of the sugar, while 
by the three preceding processes, pulverization, solution 
and fusion, we have simply subdivided the mass of the 
sugar but have not destroyed its identity. A process 
such as has been exhibited, by which the identity of a 
substance is destroyed is called a chemical process, and 



I Uie change a chemical change. The three processes of 
pulverization, sohition and fusion are examples of physi- 
cal processes and the suhdivision, which resulted, is an 
example of a physical change. 

By the application of the physical pi-ocesses of nuhdi- 
vision, which we have employed in this experiment, we | 
have discovered that we can separate masses of matter 
int^ very small portions which still possess the character- 
istic properties of the mass. These smaller portions of 
matter in which the characteristic properties of the sub- 
stance inheres are called molecules. By the application 
of the chemical process we are able to subdivide the mole- 
cules into their constituent portions of matter. These 
smallest portions into which the molecules can be subdi- 
vided are called atoms, tjooking back we find that atoms 
combine to form molecules, and molecules cohere to form 
masses. 

It is by means of chemical processes that the chemical 
propeilies of substances may bo studied, and the consti- 
tution of the many bodies which exist in nature and in 
art determined. There are several of these processes, 
the first one which we have employed in the decomposi- 
tion of the sugar being known as the process of Analyws. 

As an example of the second let us tjike three grams 
of sulphur and eight grams of copper, both in a finely 
divided condition, and mix them well together in a mor- 
tar. Then place them in an ignition tube of glass and 
heat them in a flame. Now no matter how long we rub 
them together in the mortar we still can distinguish each 
substance by its characteristic color, luster and otlier 
properties, and so too on heating, although the sulphur 
fuses, the two substances remain quite distinct, until sud- 
denly we observe incaudesence to begin and extend 
throughout the tube, and we then find the substance i 





the tube to be homogeneous throughout and to possess 
properties which are unlike either the copper or the sul- 
phur from which it is formed. 

Again, let us place a quantity of finely divided iron in 
a thin crucible and weigh the whole. Then heat the cru- 
cible and contents over a lamp. Soon we observe a glow 
about the edges of the mass of iron which ext^inds 
throughout the whole even after the source of heat is 
removed, and on allowing the crucible and contents to 
cool and weighing it again we find it has very decidedl}^ 
increased in weight. 

It is evident in both these experiments that a union 
has taken place; that there has been a building up 
process going on. A process such as this is known as 
Synthesis. 

Next, let us take a solution of common salt and add to 
it a solution of nitrate of silver. On so doing we at once 
observe the formation of a dense, curdy, white precipi- 
tate which a chemist knows is due to the formation of sil- 
ver chloride. This is produced by the interchange of 
atoms between the molecules of the compound substances, 
common salt and nitrate of silver. A process of inter- 
change such as this is known as Metathesis. 

Next, let us take some hydrochloric acid and plunge in 
it a piece of metallic zinc. We at once observe that bub- 
bles of gas are given off and, if we continue the process 
long enough, that the zinc entirely disappears. By evap- 
oration we can obtain the zinc in a solid state again, 
but it will be in combination with chlorine as zinc chlo- 
ride. This has been brought about by the replacement 
of the hydrogen, which was united with the chlorine, 
by the zinc. 

Again, let us take a solution of copper sulphate and 
place in it a bright strip of iron. If we remove the iron 



Eeraiew momenta we nhiiU flml it to be well coated 
with copiitT. Here we liavc the iron replnciiig tlie cup- 
per in the compoiinil inoleouli'. Such a iiniccss as h 
ehown by tliertu last two experiments in called Replace- 
ment. 

Sometime.s two or more of these processes may take 
phice almortt simultaneously, as, for iiiatanco, in thii* ex- 
periment when we pour concentrated nitric acid upon 
metallic tin with the production of a white powder and 
dense red fumes. Here we liave both the processes of 
analysis and synthesis going on together. 

By testing all bodies by the the process of analysis we 
find that they may be divided into two distinct chemical 
clanses: 

1st. Those bodies which cannot by any means at our 
command be analyzed or subdivided into other svibstances. 

2nd. Those bodies which can be analyzed. 

Tho^e bodies which belong to the lirst class are called 
Elementfl.ry substiinces, and tho-ne bodies which belong to 
the second class are oalle<l Compound substances. The 
number of elemcntjiry substances is, of course, not ac- 
curately known, but there are about seventy substances 
which are uow placed in this class. The number of com- 
pound substances is so great as to be almost immeas- 
urable. 

Of course we can prepare substances by mixing to- 
gether portions of ditTerent elementary substances, or of 
different compound substances, or of different elementary 
and compound substances just as we did with the copper 
and sulphur, or the sugar and water, but, as has been 
pointed out. these are simply Physical Mixtures. 

It will at once be seen that, when stating the percen- 
tage composition of chemical substances as the result of 
. our analysis, we give the proportions by weight in which 



the elementary substances or radicles exist in the mole- 
cules, and, as chemical substances are homogeneous, this 
proportion holds true for any mass of the substance. In 
stating the results of the analysis of a mixture, the results 
only show the proportions of the various chemical sub- 
stances which are found existing in that small portion of 
the mass which we have actually examined, and they will 
not hold precisely, though they may approximately, for 
the whole mass, since such a mass can only approximate 
to perfect homogeneity. 

On examining by physical and chemical means the 
various chemical substances with which we meet, we find 
marked differences to exist between them, each possessing 
certain characteristics which are inherent in its mole- 
cules. By analysis we find that these differences may be 
due either 

(1) To a difference in the kind of atoms in the mole- 
cule. 

(2) To a difference in the number of atoms in the 
molecule. 

(3) To a difference in the arrangement of the atoms 
in the molecule. 

We have in common salt and saltpetre an example of 
the first kind of difference. Here the molecule of com- 
mon salt contains atoms of sodium and chlorine, while 
the molecules of the saltpetre contain atoms of potassium, 
nitrogen and oxygen. 

We have in corrosive sublimate and calomel an exam- 
ple of the second kind of difference. The molecules of 
both of these substances are composed of atoms of mer- 
cury and chlorine, but while the molecule of corrosive 
sublimate contains but one atom of mercury and two 
atoms of chlorine, the molecule of calomel contains two 
atoms of mercury and two atoms of chlorine. 



The ilifference in behavior of these substances is 8ho>ra 
when we produce tbeui as we do iu this experiment, by 
the calomel at once precipitating out as a voluminous 
white precipitate, while the corrosive aublimate remains 
in solution. 

We have in starch and cotton an example, among com- 
monly known substances, of the third kind of difference. 
The molecules of both of these substances have been 
found to contain the same number of the same kinds of 
atoms, viz., carbon, hydrogen and oxygen. Here the dif- 
ference then can only be due to a difference in the ar- 
rangement of the atoms in the molecule. 

Tbis difference is better illustnited "by the molecules 
of acetic acid and methyl formate. 

From the consideration of the foregoing results we ar^ 
rive at the following definition of Chemistry. 

Chemistry is tliat branch of physical science which 
treats of the atomic composition of bodies, and of those 
changes in matter which result from an alteration in the 
kind, the number, or in the relative position of the atoms 
which compose the molecule. 

It is evident that as chemical anbstances are composed 
of matter they must have weight, and that this will be 
true also of their constituent atoms. Attempts have been 
made to determine this weight, but owing to the extreme 
flmallness of these atoms we have only been able to ai*- 
certain their weights approximately in terms of the or- 
dinary standards of weight. By taking, however, the 
weight of a given volume of the lightest known sub- 
stance, hydrogen, as a standard, we have been able to as- 
t certain with precision the relative weight of the other 
I substances. The volume of hydrogen, which is taken as 
[ a standard, is the smallest volume which is ever known 
[ to exist in a compound molecule. The proportional 



numbtTS which are thus ubtained are called the Atomid 
weights. 

ThuH calHiig the weight of the at^om of hydrogen uiiity, 
or 1. we hiive for the atom of oxygen 16, nitrogen 14, 
chlorine 3y. 5, carbon 12, and soon for all the elements 
known, meaning in every case that the atom of the ele. 
ment mentioned is that numlier of times heavier than the 
atom of hydrogen. 

In placing these names upon the blackboard I have 
written them at length, but it becomes evident that, as 
they are to be used very frequently in chemistry, it will 
be very convenient to indicate the substances by some 
simpler means. "It is for this reason that a system of 
clieniical symbols has been devised. A list of the better 
known element'^, together with their sjTnbols and atomic 
weights, are given in this table; 



NAME, 


YMimi,. 


wiraHT.. 


NAMB. 


SVMliOL 


WKIUHT.. 


Alumininum 


Al 


27 


Molybdenum 


Mo 


!1G 


Antimony 


Sb 


120 


Nickel 


Ni 


68.6 


Arsenic 


A« 


75 


Niobium 


Nb 


94 


Barium 


Ba 


137 


Nitrogen 


N 


14 


Berjlli\un 


Be 


9 


Osmium 


Os 


193 


Bismutli 


Bi 


208 


Oxygen 





16 


Boron 


B 


11 


Palladium 


Pd 


KI6 


Brtjmine 


Br 


80 


Phosphorous 


P 


31 


Cadmium 


Cil 


112 


Platinum 


Pt 


194 


CiieKiuni 


Cs 


133 


Potassium 


K 


39 


Calcium 


Ca 


40 


Bhodium 


Rh 


104 


Carbon 


C 


12 


Hubidiuni 


Kb 


8-5.4 


Cerium 


Ce 


140 


Rutlienium 


Bu 


104.6 


Chlorine 


CI 


35.5 


Scandium 


Sc 


44 


Chromium 


Cr 


62.2 


Selenion 


Se 


79 


Cohalt 


Co 


53 


Silicon 


Si 


28 


.In ruund numlicr 




- 









^^"^ ATOMIC ATOWr ^^H 




NAUB. SfMBdl.. WkicHT.* 


Copper Cu 63.2 


Silver Ag 108 


Didymiuin Di 144 


Sodium Na 23 


Erbium Er Hi6 


Strontium 8r 87 


Fluorine F ID 


Sulphur S 32 


Gallium Gii 60.9 


Tantalum Ta 182 


Ciermaiiiuin Ge 72.2 


Tellurium Te 125 


Gold Au 1117 


Terbium Tr 148 


Hydrogen H 1 


Thallium Tl 204 


Imlium . In 11;14 


Thoriinu Th 232 


lofline I 127 


Tin Sn 118 


Iridium ir 1U2.6 


Titanium Ti 48 


Iron Fe 56 


Tungsten W 184 


Unthanum Ui 13il 


Ui-anium U 240 


Uad Pb 207 


Vanadium V 51.2 


Lithium Li 7 


Yttrium Y 89 


MflgneMum Mg 24 


Ytterbium Yb 173 


Manganese Mn -55 


Zinc Zn 65 


Mercury Hg 2U0 


•Zirconium Zv 90 


Inspection of the table shows that for many of the ele- 


ments, HUch for examjile aa hydrogen, oxygen, nitrogen 


carbon and the like, the fir.-^t letters of the name, for ex- 


ample H, 0. X and C. are used as the symbols, When, 


liowever, there are several elements whose names possess 


the same initial letter, then Ut distinguish between them 


we join to the initial letter a second characteristic letter 


from the name, and thus we get for chlorine CI, chromium 


Cr, cobalt Co, Cerium Ce. calcium Ca. Inspection of the 


table, however, show.-^ that there are several symbols 


which do not appear t<J have been derived in either of 


these ways. Thus we have for antimony Sb, gold Au, 


iron Fe, lead Pb. mercury Hg, potassium K, silver Ag, 


Bodium Na. tin Su. Nevertheless, these sjTubols have 
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beeu derived as those above have, but the Latin names 
have been used for these last named elements, while 
English names have beeu used for the others. 

When these symbols are used they signify something 
more than that the elementary substance they represent 
is present, for each symbol represents a definite portion, 
one atom, of the elementary substance, and it represents 
also a definite weight, the wc'trjht of one atom, of that 
substance, referred to the weight of the atom of hydro- 
gen as a standard. 

By combining the symbols of -the elements together 
we can obtain formulas which represent the composition 
of the molecules. Thus combining Na and CI as follows, 
NaCl, wc obtain the formula for common salt, these mole- 
cules being made up of one atom of sodium and one atom 
of chlorine each. The symbols in this formula still rep- 
resent parts by weight, and thus the formula expresses 
the fact that a molecule of common salt contains 23 parts, 
by weight, of sodium and 35.5 parts, by weight, of 
chlorine. 

From this example we learn how to obtain the Mole- 
cular Weight of a sul»stance when we know its fonnula. 
We have simply to add together the weights of the con- 
stituent atoms. Thus the molecular weight of common 
salt is 23 -(- 35.5 = 58.5. 

We have found that a molecule may contain a number 
of the same kind of atoms. To indicate this fact we 
place a numeral below the symbol of the clement. Tlius 
we have the chlorides of mercury, corrosive sublimate 
HgClj, and calomel Hg-^Clj. The molecule of the first 
contains one atom of Hg, or 200 part« by weight, and 
two atoms of CI, or 2 X 35.5 = 71 parts by weight, 
and its molecular w^eight is 200 -|- 71 ^= 271. The 
molecule of the second contains one atom of Hg, or 
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aoo X 2 ^ -lUO purta by weight, and two atoms of CI, or 
71 piirt.1 liy weiglit, imd its niolocular weight is 471. 

By the use of iiuiuorals we can also iiuHcate that a 
nuuibur of graupt* of atuiu^ exist within a molecule. Thua 
in fonning otii- fhlorides of mtrcury we employed two 
different nitrates of mei-cury. which are represented by 
the foniiuhis irg(N03), and Hga{NOj)a. The submultiple 
used affeets till the wymhuls encloHed in the parenthesis 
80 that we see that each of these molecules contains two 
titom^ of N and 3 X - ^ 6 atoms of O, 

While the submultiple affects only the symbol above 
it, or only the symbol enclosed in parenthesis above it, a 
uunieral placed before a symbol or formula affects all the 
symbols in that expression. Thus 2 NaCl indicates two 
molecules, or 117 parts of common salt. 5 Hg^Clj repre- 
Benta five molecules, or 2355 parts by^ weight of calomel. 

By combining formulas together by means of plus(-|-) 
and equality (^} signs we may form Chemical Equations 
and thus express the changes taking place in Chemical 
Reactiontf. 

Thus the experiments with the copper and sulphur 
gave rise to a reaction which may be represented by the 
following equation : 

Cu + S = CuS 

The experiment with the iron burnt in air by 
3Fe + 40 = FeaOv 

Tlie reaction of the zinc with muriatic acid by 
Zn + 2HC1 = ZnCla + H,. 

The reaction of the iron with copper sulphate by 
Fe -I- CuSO, = FeSO^ + Cu. 

The reaction of the tin and nitric acid by 

Su + 4HN0b = SnOj + 4N0a + 2Mfi. 
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The reaction of the hydrochloric acid and mercuric 
nitrate by 

2HC1 + Hg(N03)2 = HgCI^ + 2HN0,. 

The reaction of the hydrochloric acid and mercurous 
nitrate by 

2HC1 +Hg2(NO,)2 = Hg^Cl^ + 2HNO3. 

To writ€ the equation expressing any given chemical 
reaction it is essential that we should know what sub- 
stances enter into and issue from the reaction. This can 
of course only be ascertained by actually subjecting all 
the materials to chemical tests. Having this knowledge 
how are we to write the equation ? How are we to know 
what number of parts of the different substiinces enter as 
factors? The first consideration that governs us is that 
in every equation the sum of the weights of the factors 
equals the sum of the weights of the products, and that 
the same number of the same kind of atoms will be found 
in the products as existed in the substances taken. 

Hence, we can proceed to write the equations by 
placing the formulas for the substances taken on the left 
hand and the formulas of the products on the right hand, 
connectuig them by the proper signs. Then we proceed 
tentatively to find the numeral coefficients, using the sim- 
plest numbers which will satisfy the equation. In many 
cases this can be readily done by inspection, but in the more 
complex reactions the speediest way of determining the 
numerical coefficients is found in the algebraic method 
of Sitnultaneous Linear Equations. 

To apply this we write the equation as before, placing 
literal coefficients before each term in the equation. 
Then beginning at the left hand and proceeding Avith 
each separate symbol we obtain a linear equation for 
each element, which shows the number of times that the 
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wement appears in the reaction. Solving these equations 
and reducing to lowcHt whole numbers we obtain numer- 
ical coefficients which we substitute for the literal coetfi- 
cients in the original chemical e<iiiation. 

For example we (ind when we act on tin with nitric 
acid that the eventual products are SuOa, NOa and HjO. 
Write the equation, knowing the formula of nitric acid 
to be HNOj, and the symbol of tin to be Sn: 

a Sn + & HNOa = w SnO^ -\- x NO^ -\- 1/ H,0. 
(1) a = w,{2)h = 3y, (3) b = x, (4) Sb = 2w -\-3x-{-y. 

As h appears with three values let us assume that 
6^ i, then from etjuation {2)y = j and from (3) i^ J. 
Substracting these valuer in (4) we have 3 = 3w -j- 3 
1-^ J .-. \^Sw and w ^ \. Hence as hy (\) a ^ w .-. 

To sum up a ^ ^ reduciug to wlioli; numbers a ^ 1 
b = 1 1) = 4 

w ^ \ w = 1 

x= 1 i- = 4 

y = \ y = 2 

And substituting we have 

Sn -\- 4HN03 = SnO, + 4X0^ -|- HA 
an equation which satisfies. 

When we compare the formulas of a number of com- 
pounds of two elements, one of the elements being com- 
mon to all the compounds, we discover that the elements 
possess very different powers as regards the number of 
Atoms of the constant with wliich they can combine. 
Thus let UB take the groups 

Ha NaCl Nn,0 

H^O CaCl, CaO 

H,,N NCI3 COi 

n,c ecu SO3 
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One atom of CI can combine with, as in HCl, or re- 
place, as in NCI3 and CCI4, one atom of H. One atom of 
C can combine with, as in H4C, or replace, as in CCI4, 
fonr atoms of H, and a similar power exists, though in 
different degrees, in all the other elements. This prop- 
erty which determines the number of atoms of an element 
with which another will enter into union is called the 
Combining Power of the atom, and this combining power 
is measured in terms of the hydrogen atom. When the 
element combines with some other element than hydro- 
gen we can measure its combining power, in terms of 
hydrogen atoms, by comparing it with the element united 
with it, provided we know the combining power of this 
last element. Thus taking the first column above, the 
combining power of CI must be 1, of 0, 2; of N, 3; and of 
C, 4. Taking the second column we know CI = IH, 
then Na = 1, Ca = 2, N = 3 and C = 4. Taking the 
third column we have = 2H, then Na = 1, Ca = 2, 
C = 4 and S = 6. 

The measure of the combining power is called the 
Valency of the atom, or its Combining Value, in terms of 
hydrogen atoms. 

Our system of notation enables us to indicate the 
valency of an atom, for we have simply to attach to the 
symbol either Latin numerals or dashes. Thus, 

I n m lY I • 

H, 0, N, C, CL, or thus, H-, -0-, -N-, -C-, C1-. 

When the symbols are combined in formulas, the 

dashes between any two symbols are counted for each 

symbol. Thus, 

H H 

H-Cl, H-O-H, H-N-H, H-C-H. 

I 
H 
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We have frequently in the course of this lecture spoken 
of the constitutiuu of molecules and of their constituent 
atoms, and it may iuterest you to learu something of the 
relative size of these portions of matter. At* has been said, 
they lire too small to be measured or weighed directly, 
but from certain considerations an approximate knowl- 
edge of their size has been gained. Thus Sir WUliam 
Thomson has .'itat«d that if we were to take a drop of 
water and magnify it to the size of the earth the mole- 
cules composing the drop would then be no larger than 
cricket balls and no smaller than small peas. 

M. Athanase Dupre' calculates that a cube of water 
having a side of .0(11 of a millimetre (or about sis one 
hundred billionth^ of a cubic iJich) contains more than 
12o.U0a,000,l)0(l,0tl0,00U,000 molecules. 

We owe to Annaheim the discovery of a very ingenious 
and beautiful method for ascertaining the approximate 
weiglit of an at<)m of hydrogen. He weighed out .0007 
grams of fuchsin (one of the aniline colors having for its 
fonnula C^oHj^Na HCl), dissolved it in water and diluted 
the solution up to one litre. In each cubic centimetre 
there was therefore .000,000.7 grams of the fuchsin, and 
yet. when placed in a tube one centimetre in diameter, 
the color of the compound was distinctly seen. When a 
drop of thi.s liquid was placed in a test tube and held over 
white paper it showed a distinct red color. Therefore 
the eye can dL*tinguish .000 000 02 grams of fuchsin. 
But if we assume that each di-op contains only one mole- 
cule of fuchsin. and it cannot contain less, then, since 
the molecular weight of fuchsin is 337.5, the maximum 
weight of the hydi-ogen atom is jj^j of .000 000 02 
grams or .00(1 000 000 059 grams. The experiment be- 
fore you illustrates Annaheim'.'' method. 

It i.s with portions of matter such as these that chem- 
istry deals. Reference hook, Barker' 8 College Chemistry. 
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LECTURE II. 



CHEMISTET. 

[CONTINUED.] 

Besides the symbols thus far described us being used 
1 chemical notation, we find it advantageous at times to 
' employ what are called diagraniuiatic formulas. In these 
the formulas of the molecules are enclosed in equal rec- 
tangles. These diagrammatic formulas represent the sub- 
anees as being in the state of a gas under normal con- 
ditions, aud they further show that the molecules of all 
ubstances when in this state occupy the same space. 
This last is a direct deduction from Avogadro's law. 
lich may be stated as follows: Equal volumes of all 
nbstaoces, simple aud c-ompound. in the state of a gas 
^hen under the same conditions of temperature and 
ressure eontjun the same number of molecules. Heuce 
ich of these molecules occupies an equal space. 
It is true that, as these foiinulas are used, they repre- 
lent a surface only, and, as we are dealing with matter 
lich must have volume and hence occupy space of 
llree dimensions, they must be regarded as only graphic 
fepresentations of certain facts in the constitution of 
lolecules. The same criticism will also hold true of the 
■aphic or structural formulas which we often employ 
for showing the manner in which we suppose the atoms 
I be grouped in a molecule. 



Thi? use of dingnimiiiiitir foniuihis iimv bo illustnited-i 
hy the following examples: 

, . , I IICl I 

I HII I + I ClCl I - (1) 



H 
H 

H 
S 
H 



+ H 



(2) 



(3) 



H 

S 

H 




Tiiesu diagrniiig show iiiiniediatoly on iitfipection what 
vohinie of gases we will obtiiiu when we know the vol- 
imie of the substfinces taken. Thus from (2) we see that" 
if we take two voUinies of hydrogen and one of oxygen 
we shall obtain two volumes of water in the state of 
Htenm. From (4) we learn that if we burn one volunie 
of aleohol vapor completely, three volumes of oxygen 
will be required, and two volumes of carbon dioxide and 
three vohunes of steam will be produced. 



I 



I 



These diagrams are ust'd but little, except for [mrposes 
I of illnstrntion, for, having once used thmii, we endeavor 
I to bear in mind the fiiet that molecular formulas always 
I represent the unit volume and equal volumes in the stiite 
[- of a gas. 

It may now be well to iu<{uire how the fornmhis whicli 
I have been given a« representing the moleeular e<miposi- 
I tion of these compounds have been derived. We will 
I take water aa an example. First, we nnike a qualitative 
[ aiialysi)^ of it, which may bo done a.s in the following ex- 
[ periment by pa.s8ing a galvanic current through water 
I and collecting the products. We obtain as a result two 
' pises, one of which we recognize by proper tests as 
being oxygen, and the other as being hy<lrogen. Evi- 
dently water contains at least these two constituents. 
We then proceed to test this result by synthesiH — that 
[■IB we take hydrogen and oxygen and heat them up so 
I'thnt they may combine, and wo obtain water as a result, 
f Analysis and synthesis both show that water is compoced 
l-of hydrogen and oxygen. The next step is to ascertain 
ftiie amount of each element in the compound, and this is 
bne by repeating the analysis and synthesis, tidiing 
['Weighed quantities of the material and carefully collect- 
ring and weighing the products, and as a result we find 
Lthat water is composed of one part, by weight, of hydro- 
rgen to eight parts, by weight, of oxygen. We msiy, and 
I'liave used many other means for analyzing and synthez- 
ing water and the resvdt is always the same. 
When we electrolyse water in a Hofmann appamtus, 
Kcuch a« that before you, so arranged that we can eolloct 
aid measure the separate products we see that the vol- 
lume of the H obtained is about twice as great as that of 
I the O. If we perform the experiment under the be.-^t 
^Ctinditions we find that tlie proportion, by vnlunie. of 




H:0::2:l. If now we take the mass of that volume of 
hydrogen, which is equal to the volume of oxygen ob- 
tained, as unity, then the proportion, by weight, of H to 
in water will be as 2 : 16. Letting H then represent 
the unit weight and volume of hydrogen, and letting 
represent the unit volume of oxygen, and also 16 parts, 
by weight, of oxygen, we express the result of our ex- 
periments by the formula H2O. 

The example just given is a characteristic one, but the 
methods employed must necessarily vary with the sub- 
stances under examination. Sometimes we easilv obtain 
the ratio of the weights of the constituent elements in a 
compound, but are uncertain as to the weight of the 
molecule. If the compound can be converted into a gas 
the molecular weight can, however, be easily obtained 
by finding how much a given volume of the gas weighs 
as compared with that of the same volume of hydrogen, 
and this ratio, which is called the Vapor Density of the 
substance, is numerically equal to one-half the molecular 
weight. 

We see if we admit that a molecule of hydrogen con- 
tains two atoms (and there are many reasons why we 
should do so) this relation of molecular weight to vapor 
density is a direct consequence of Avogardro's law. Thus 
let us take the following examples : 



M. W., 
V. D., 



HH 


? 


00 
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ClCl 


_ J 


NN 


_ ? 


HCl 


2, 
1, 








32, 
16, 






71, 
35.5, 




28, 
14, 


36.5, 
18.25, 




H,0 


J 


H3N 


( 

? _ 


^2tl6^' 


? _ 


CO2 


• 



M. W., 


18, 


17, 


46, 


44. 


V. D., 


9, 


8.5, 


23, 


22. 



The vapor density may he determined by weighing 

f'equa] volumes, an has been said, hut if the cuinpound is 

■gaseous a speedier way for gettini|; this value is by nieiiH- 

I taring its rate of diffusion. What is meant by diffusion 

Its shown by this experiment in whioh we cause coal gas 

[ to diffuse through a membrane of porous earthern-ware. 

I Now experiment has shown us that the velocities of Dif- 

i fusion of gases are inversely proportional to the square 

lots of their densities. Thus take 11 and O: 

For relative densities we have II:0::1:16. 

For velocities of diffusion we have H:0:: y/16: y^l : :4:1, 

Having explained, so far as our limits permit, the 

I methods of notation and numeration employed in chem- 

Ifotry, and also the means by which we arrive at the in- 

lionnation whieh our symbols and formulas seek to con- 

Ivey. we will next consider the system of Nomenclature 

Mployed. 

On inspecting the list of elementary substances it is 

lobserveil that there is no complete unifonnity in the 

■names applied among tbem; however we notice that a 

I considerable number of them terminate in um. These 

U"e nil regarded as metallic elements. The more com- 

Ifflonly occuring and well-known metals are the only 

letiillic elements whieh do not have this termination. 

iHence we may say that as a nUe the metallic elements 

Imay be distinguished by the fact that their names termi- 

Inate in um, while those of the non-metallic elements 

■ never terminate in um. It is of great assistance to be 

able to recognize these two classes of elements, because 

as we shall see they possess opposite functions as regards 

the part they play in combination. This difference be- 

L comes obvious when a compound substance is electrolyzed, 

[for then the metallic element goes to the negative pole 

land the non-metallic element to the positive pole, and 




we may use these tenns electro-positive and electro- 
negative as nearly synonymous with metallic and non- 
metallic. If we compare each element with all of the 
others we shall find that the elements may be arranged 
in a series such that if we begin with the most electro- 
negative and place them in rotation, beginning at the 
negative end, each element will be electro-positive to any 
element which precedes it, and electro-negative to any 
element which follows it. The following is such a list: 

ELECTRO-CHEMICAL SERIES. 
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V*- 






C\v 



.to 



SO^ 



\v^^- 






2^5 



t\^'- 



"Tungsten- 
Boron. 
Carbon. 



>A 
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When we come to the iismiing of comjHJund subsUmcet* 
ta'e lind lliat tlu'-so boilii-s may al«o be divided into two 
^rent groups, <■. g.: 

(1) CtuniKmndM whow inolecides contain atoms of only 
itwo kinds, or wliieh coiitnin bill two atomic gn)ui)«. These 
e ciilk'd Binary Compounds. 

{2) Compounds whose luohH-ules contiiin atoms of three 
lifferent kinds, or wliit-h (■ontnin three atoinie groups. 
Plit'se are eaUed Ternary Cumpounds, 

In fixing the names of the binary compounds we write 
J^e name of the charactenstic element first ami then the 
HWrne of the other element, changing the tennination of 
the hitter to ide. Thus, 

IICl Hydrogen chloride 

NaCl Sodium chloride 

HjO Hydrogen oxide 

Cat) Calcium oxide. 

CnS Copper sulphide 

Aulj Gold ioflide 

NCij Nitrogen chloride. 

Sometimes we have a group of ek'ntent* which act like 
n atom of an elementary substance. Snch a grou]) is 
ailed a ratiical, and it may form a binary' compound, 
lotwithstnnding that there are then three elements pres- 
nt. The names will thus be found as follows: 
(NII^jCl Ammonium chloride 
Ag(CN) Silver cyanide. 

Sometimes we find two or more binary compoumln 
omied by the union of the same elements, but a diflferent 
nimber of atoms being taken. This can only result from a 
change in the valency of one of the elements. To repre- 
sent this when there are but two compounds we write the 
name of the characteristic clement first, giving it the ter- 





mination Ic in that compound where it posneRtiett the high 
valency, and 0U8 in that compound where it possesses the 
lower valency, and chauge the termination of the other 
t'lemunt as before. Tliuf. 

FeO Fermns oxide 

[FfiiiJOa Ferric oxide 

[Cu2]Cl2 Cuprous chloride 

CuCIj Cuprie chloride 

[Hg;,]!^ Mercuroufi iodide 

llgl^ Mercuric iodide. 

M'hen there are more than two compounds of similar 
substances the two middle terms are designated as in the 
last case, while the compound in which the element of 
variable valency has a leas value than in the lower of the 
middle terms isindicat<^d by the prefix /i?/y>o, and the one 
in which it has a higher valency than the upper of the 
middle tenns is indicated by the prefix hyper, or simply 
per. Thus, 



I 



ei/) 


Hypochlorous oxide 


CljO, 


Chlorous oxide 


CIA 


Chloric oxide 


CIA 


Hyperchloric oxide. 


These coilipoiinds 


are howeveV often designated by 


numerical prefixes which are attached to tlie name of tlie 


element. Thus, 




C1,0 


Chlorine monoxide 


Cl.Oj 


Chlorine teroxide 


CIA 


Chlorine pentoxide 


CIA 


Chlorine heptoxide. 


On inspection of th 


i ternary compounds we find that 



they comprise three large classes, viz., acids, bases and 
salts. 

Acid molecules contain a characteristic non-metallio 



ae^nt or radical united to hydrogen by oxygen or its 

equivalent. 

Sa.iic molecules contain a characteristic metallic ele- 
' ment or radical united to hydrogen by oxjgen or its 
I equivalent. 

Salt molecules contain a characteristic non-metallic 

element or radical united to a metallic element or radical 

by oxygen or its equivalent. Salts are usually obtained 
[ by metathesis from acids and bases, but may be [jroduoed 
I in other ways. 

The names of the acids are formed by writing the 
I name of the characteristic element or radical first, giving 

the suffix 0U9 or ic, and the prefix hypo or hyper, ac- 
i cording to the valency of this element, and then tht- 

generic name acid. Thus, 



[,S0. 


Sulphurous acid 


[,S0, 


Sulphuric acid 


[CIO 


Hvpuchlorous acid 


[CIO, 


Cliluroua acid 


[CIO. 


Chloric acid 


[CIO, 


Hyperchloric acid. 



The names of the bases are formed by writing the 
I name of the metallic element first, giving the suffix or 
prefix accoi-ding to its valency, and then the generic 
name hydroxide. Thus, 

NaHO Sodium hydroxide 

KHO Potassium hydroxide 

CaHjOj Calcium hydroxide 

[CujJHaOj Cuprous hydroxide 

CuHiOj Cupric hydroxide 

FeH/Ji Ferrous hydroxide 

[FesJHgOs Ferric hydroxide 

NH4HO Ammonium hydroxide. 
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The names of the salts are formed by writing the name 
of the metallic element or radical first, with the necessary 
suffix or prefix to indicate its valency, and then the name 
of the acid, from which the residue is derived, changing its 
termination when it is ou8 to ite and when ic to ate. Thus, 

NaClO Sodium hypochlorite 

NH4CIO2 Ammonium chlorite 

KCIO3 Potassium chlorate 

Ba( 0104)2 Bariimi hyperchlorate 

FeS04 Ferrous sulphate 

[Fe^] (804)3 Ferric sulphate 

HNH4NaP04 \ ^^^7'"' a~ium, 
* * ( sodium phosphate. 

We have said that salts may be formed by metathe- 
sis betw een acids and bases. Here are a few examples : 

NaHO 4- HCIO = NaClO + H^O 
KHO 4- HNO3 = KNO3 + H2O 
CaH^O^ 4- H2SO3 = CaSOs + 2H2O 
CUH2O2 4- H2SO4 = CUSO4 4- 2H2O 

NH4H0 4- HC2H3O2 = NH4C2H3O2 4- H2O 

NaHO 4- HC3H5O4 = NaC3H504 + H2O. 

From inspection of these equations we see that in each 
case a certain number of atoms of hydrogen in the acid 
have been replaced by atoms of the metallic element of 
the hydroxide. This property of the acid is called 
Basicity, and the number of atoms of hydrogen in the 
acid so replaceable is the measure of its basicity. 

Acids and bases are distinguished by characteristic re- 
actions and, as one of them, the reaction with litmus- 
paper is used as a test for acidity in gun-cotton, and, as 
also several instances have been brought to my notice of 
werious errors which have been made in applying this 



test, it has seemed wise to dwell upon it soiiiewhnt nt 
length. 

The material used in this test is a wuhstiince called 
Idtmus which is a blue coloring matter extracted from ii 
;4^cies of lichen. We obtjiin the dried extract in ilio 
form bofoi-e you. and by simply boiling it with water and 
filtering the solution we obttdn the substance in a fonii 
titable for use. On pouring a little vinegar into this 
ilution you see that the blue color is at ouce changed 
I red. So with nitric acid, sulphuric acid and muriatiu 
ftcid we are also able to change the blue to red. This 
^Indicates an acid reaction. Substances which give iiii 
iOcid reaction change tlie color of litmus-paper from blue 
io Ted. 

If we now pour into the red colored solutions ammo- 
nium hydroxide, or sodium hydroxide, or potassium hy- 
droxide, or calcium hydroxide, the color of the solutimis 
b changed from red to blue. The action of the ammu- 
ruium hydroxide is most strikingly shown in this exj»eri- 
lent called the Ammonia Fountain. Substances which 
[give a basic reaction change the color of a litmus solution 
llrom red to blue. 

These reactions are shown by electrolyzing a solution 
of NaaSOi which has been colored with litmus. This 
neutral salt is decomposed as follows : 

Xa^SO^ -f HaO = 2NaH0 + H,SO^. 
id, as these bodies are separated at opposite poles, wc 
; the basic reaction on one hand, and the acid reaction 
the other. 

For convenience in use we employ strips of paper, for 

tests, which have been colored with such solutions. 

is is easily done by immersing strips of white bibulous 

the solution. The paper sucks up the solution, 

on drjang it is colored blue or red according to the 



aper i 



Euid 
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color of the solution in which it has been dipped. When 
dry, litmus-paper keeps for a long time unchanged. In 
making the test Avith it, it should always be wet with pure 
water. It should never be touched by the fingers since the 
secretion from the skin gives an acid reaction, as is shown 
by the following experiment. To detect the change in 
color the test paper should always be examined in a white 
light. This can be easily done by placing the wet test 
paper on a piece of clear glass. 

In a shellacked room blue litmus-paper will always ap- 
pear to have a reddish tint. The reason for this is, that 
blue litmus contains some red coloring matter, and ex- 
periments made at the Station have shown that, when 
using a spectrum, the same piece of paper appears blue 
when placed in the blue rays, and red when placed in the 
red rays. It is well, too, when examining a test paper for 
acid reaction to compare it with another piece which has 
been reddened by vinegar. Erroneous conclusions have 
sometimes been drawn from the fact that the color of a 
strip of blue litmus paper is sometimes changed by wetr 
ting it with water. 

This reaction of litmus is so marked that it may be em- 
ployed as a color test in quantitative analysis. The fol- 
lowing experiment shows how we would use it when de- 
termining the amount of alkaline matter in gun-cotton. 

The testing for acidity by the use of litmus-paper is 
as simple as any test in chemistry can be made, but, 
nevertheless, mistakes sometimes occur in applying it. 

When we described the way in which chemical symbols 
were derived it was pointed out that the symbols repre- 
sented definite weights of the substances, and that the 
same values were attached to them when they were com- 
bined into formulas. It becomes evident then that e\ery 
chemical equation represents the proportions by weight 
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Whi each substance which enters into and issues from a 
} chemical reactiun. 

Since the symbols and formuhis represent definite 
I weights of matter, we are able to find, by calcidation, 
I either the pereentiige composition, or the number of 
[ atoms of each element it contains, or the atomic weight 
of each element, or the molecular weight, of any sub- 
I stance, provided we know three of the foregoing factors. 
I For this purpose we may employ the following expression : 

Let m represent the molecular weight of the substance, 
a the atomic weight of any constituent, 
n " number of atoms of that constituent, 
X " per cent, of that constituent, 
[ and 100 " total per cent, of the substance taken. 

Then given the other factors to find x, the per cent, of 
one constituent present, we have 

m _ 100 _ lOOna 



By taking each constituent in succession we find the 
I percentage composition of the substance, 

. g. What is the percentage composition of CaSO^? 

For Ca n =^ 1, a = 40, na = 40 

« S n= l,a— SS,na= 32 

" « ^ .^, a = 16, na = 64 

CaSO^ m = YSG 

100 X 40 



Solving for Ca x = 
Solving fur S a; = 
Solving for x = 



136 
100 X 32 

136 ' 
100 X 64 

136 
Total. 



29.41 



= 47.06 
100.00 
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Tormula of a compomul wlitn m. x and a 
are given, we have the expression : 

VljT 

" = l(lda 

And we find by its use snct'essivelj the number of atoms 
of eaeh element present in the molecule. 

e. <j. The molecular weight of quartz being 60 and its 
percentage composition being 81 4G.67, O 53.33, find the 
forinnla for quartz. 

For Si a = 28, x= 40.67 
" a= 16,x = B3.3S 
m=00 

60 X 46.67 



Solving for Si n z 



= 1 



100 X 28 

„ , . , „ 60 X 63.33 

SolvmgforO»= j„„^ „, = 2 

.-. the formula of quartz is SiOj. 

To find the atomic weight of any constituent in u com- 
pound wheu m, x and n are given we have 

__ mx 

" — Joo^ 

e. g. The molecular weight of AgN'O, is( 170 and it 
contains 63.53 per cent, of Ag. Find the atomic weight 
of Ag. 

no X 63.53 



I 



100 



:108 



To find the molecular weight of a compound when n, 
a and x are given we have 

X 

e. g. Common wait contains 39.32 per cent, of Na, and 



at contains but one atom of Xa. The atomic weight of 

wa being 23 find the moU'cular weight of common salt. 

UI0X23 _, 

"*— "39:32 —^^-^ 

The above problems have been calculated for lIMl jtJirtH 

[of the compound substunce. When any otlit'i' i|iijiiit!ty 

I IB taken as the niiit 

we let y =: the quantity of the cun.stitnent 

and z ^ " " ■' " compound 

1 I. ""2 

and we have « = 

" m 

' which we apply as before. 

When equations are given, we may find the weifrht of 

any of the substances entering intjj or issuing from a 

I chemical reaction as follows : 

whet M ^ the molecular weight of the substance given, 

W = " weight in grams or nny other standard given, 

m ^ '• molecular weight of the substance retjuired. 

w = " weight in grams or any other standard re- 

I quired, then 

M m , „ mW 

w '- 



and M 



Mnd so on for each factor. ^ 

I Reference books, Barker's College Chenusinj, Hof- ^| 

tJ 




Among tilt! more commonly occuring natural plienom- 
eua there is probably none with whose manifestntioiis 

rman is more familiar, and certainly none upon which he 

Je more dependent in the civilized state, than that of 
combustion. Although this phenomenon has been famil- 
iar to man for agen, it is only for a comparatively short 

'itime that it has been recognized as a marked example of 
<3hemical Change. As thin phenomenon plays an im- 
portant part in the changes attendant upon explosion, we 
pro|)ose to devote this lecture to the subject of combus- 
tion ; the means by which it is set in operation and main- 
tained; the substances which play a part in it; and the 
-phenomena which attend it. 

It is a matter of ordinary experience that a great dif- 

iference exists among bodies as regards their combustibil- 

'.iiy. Thus phosphorus, sulphur, wood, coal, fats, oils and 
turpentine represent a class of bodies which bum with 

r^reat readiness. These bodies are called combustible. 

[Glass, earthen-ware, lime, granite and other rocks repre- 

mt a class of bodies which do not burn. These bodies 

fare called incombustible. 

There are several means by which combustion may be 
started or, in common language, by which a body may be 
Bet on fire. Thus for instance, contact with a heated body, 
either solid, liquid or gaseous (such as a flame), friction, 




percuasion, concussion, an electric upark, an electric cur- 
rent, theniiiil radiiitions, and chemicul and physical 
changes may either of them set combustibles on fire or 
ignite them. 

But, even when under the same conditiuiisi!. we find 
that marked differences exist among Iwdies in the readi- 
ness with which they will ignite. This may be illustrated 
by placing a piece of phosphorus, one of sulpliur and one 
of dry wood on the same cold iron plate, which is then 
heated by a flame. Very .-ioon after the heat is applied the 
phosphorus ignites; after a much longer time the sul- 
phur ignites; but it is only after a very long time that 
the wood can be made to ignite. The only difference 
which existed here was in the temperature of the plate, 
it being cold at fii-st but getting hotter and hotter as the 
flame played upon it. Evidently then a comparatively 
low temperature is sufficient to cause the phosphorus to 
ignite; a higher one is necessary for the sulphur; and a 
still higher one for the wood. This difference holds good 
for all substances, and the temperatxire at which they 
ignite is called their Point of Ignition. Careful experi- , 
ments have shown that this is a constant for each sub- J 
stance, provided the conditions remain the same. 

When a combustible substance is ignited in free air iiJ 
usually continues to burn until all the combustible ma/*fl 
terial is consumed, Thu.-! if we ignite this candle, com^J 
bustion will continue until all of the candle has disap«a 
peared. If, however, we place a bell glass over th« 
candle, so as to limit the amount of air Mith which it in 
supplied, we see that the flame grows dimmer and dim- i 
mer and soon is extinguished. This shows that the air J 
plays a part in the combustion, and that, when only i 
limited amount of air is supplied to the burning bodyj 
the combustion can be maintained for only a limit* 



me. The part which the ah- plnys is evidently in fur- 
shing some body whitih maintains the combustion, and 
le cessation of the eombnstion is as evidently due to 
le supply of that body having been exhausted. 
Analysis of air shows that it is composed of oxygen 
And nitrogen in the proportions of about 1:4 by volume, 
Rnd that the gases are physically mixed- On sepaniting 
tbese and placing our burning candle, first in the nitro- 
;en and then in the oxygen, we find that the candle is 
iXtinguished in the nitrogen, but that it burns with great 
irilliancy in the oxygen. It is evidently then the oxy- 
gen present which supports the combustion that takes 
ilace in air. 

If we now return to the experiment in which the can- 
dle was burnt in a confined mass of air and examine the 
lell glass, we find that, while it was clear and dry when 
he experiment began, the inner surface is now bedewed 
rith moisture. Let us hold another dry hell glass over 
I flame of hydrogen burning in the air, and agaiu the 
old walls of the bell glass are bedewed with moisture. 
Svidently then, through the combustion of these bodies 
D air, water has been produced, and this would only re- 
nit from the chemical union of hydrogen and oxygen. 

Let us now place in this jar a little clear lime water 

nd Bhake it up. The lime water still remains clear. 

low we will burn a piece of charcoal (one of the forms 

i carbon) in the air remaiuing in the jar aud again shake 

he lime water up. This time the lime water becomes 

arbid through the formation of a milky precipitate, a 

eaction which we know to be due to the fonnation of 

EJOj, Evidently then the carbon of the charcoal and the 

:ygen of tlie air have united chemically. 

What we have found to be the case here holds true of 

: instances of the burning of ordinary combustibles hi 



» 



air. The combustion is due to the chemical union whid 
tjikes place between the atom« of these substances am 
of oxygen, and the heat and light, which result, are du 
to the impact of these atoms as they rush togethei 
There is a full of potential, and the result is the conveft 
sion of the mechanical energy into heat. 

When bodies are burned in air it is likely that the ease 
with which combination can take must be somewhat in- 
terfered with by the nitrogen present, and that also a 
considerable part of the resulting heat must be expended 
iu heating this nitrogen, hence if the combustion takes 
place in undiluted oxygen the phenomenon ought to be 
more marked and the display more bi-illiant. For these 
experiments we will produce the oxygen by each of the j 
following reactions: 

First, from mercuric oxide, 

2HgO = 2Hg + O,. 

Second, from potassic chlorate, 

2KCIO3 = 3KC1 4- 30,. 

These bodies are decomposed, in the way shown in thel 
equations, by simple exposure to heat. In fact, decompoaj-j 
tion goes on so rapidly with the KClOj, when it is onc( 
started that, in order to moderate its violence, we mis a 
equal weight of powdered manganese dioxide with th^ 
powdered chlorate. 

Oxygen gas is now so extensively used that it may b^l 
obtained in commerce compressed in cylinders such t 
we have here. To fill our vessels with it we have simpljl 
to open the stop-cock and to allow it to pour in just 8 
we would water from a spigot, for, as it is heavier thai 
air, it drives the air out. We tell when the vessel is fill 
by means of a stick such as this with a glowing coal oiii 
the end. When the vessel is full, the ovei-flowing oxygeaj 



cauBea the stick held over the mouth to burat into flame. 

.lu these two jiirs and the globe, whieh are now filled 
with oxygen, we will place ignited pieces of chiircoal, huI- 
phur and phosphorus, and you observe that the phenom- 

lon of combustion is much more strongly marked than 
when these bodies were burnt in air. In this jar we 
jlace an ignited watch spnng, and you observe that the 
ixon bums as readily in pure oxygen as a splinter of dry 
'ood does in air. Evidently then the combustion is 
luch accelerated and intensified when the combustible 
Is burned in contact with a supply of pure oxygen. 

It is a commonly known fact that by subdividing or 
comminuting the combustible so that the air can be 
intimately mixed with it the combustion is accelerated. 
iThus we cut wood into shavings to enable the wood to 

;nite and burn more readily. This fact may be ex- 
perimentally demonstrated by blowing this powdered 

imbustible matter (starch) into a flame, or pouring this 
ignited powdered charcoal into this jar of oxygen. Now 
when substances are in the gaseous state they are very 
finely divided and can be intimately mingled with air or 
^uydrogen, hence combustion goes on quite readily, as is 
Hbeen in this gas flame, or in this flame which is produced 
by bringing hydrogen and oxygen together. The com- 
bustion in the latter case produces so much beat that we 
are able to burn this good sized file or to produce a very 

» Intense light by heating this piece of lime. 
y The effect of this very rapid combustion is seen when 
me mix coal gas and air together aud fill soap bubbles 
with the mixture. On igniting the mixture the combus- 
tion proceeds so rapidly that a violent explosion ensues, 
explosion atteuding the combustion is still more 
ingly marked wlien we ignite a mixture of hydrogen 
oxygen containing these substances in precisely the 




proportions in whicli they exist in water. This mixture 
can be easily obtained in just these proportions by elec- 
trolj'zing water in the apparatus before you. The rapid- 
ity of combustion in the mixture is so great that the re- 
action takes place nearly simultaneously in all portions 
of the mixture, and hence the mixture has been styled 
Detonating Gas, 

The ease with which detonating gas can be produced 
by electrolysis and the violence of its explosion hiiK led 
Edison to suggest its use for torpedo purposes. For this 
use the acidulated water is to be enclosed in a hermeti- 
cally sealed, stout, glass tube, in which is also seated two 
platinum wires. By the passage of an electric current 
the water is electrolyzed, and as the gases are confined 
they exert a great pressure. If, having such an arrange- 
ment, we were now to pass a spark through the mixture 
explosion would result and an enormous pressure would 
be developed. 

Of course, when other finely divided combustibles are 
mixed with air in the proportions best suited for their 
complete combustion, the reaction may also be so rapid 
as to result in an explosion. This mixing is most easily 
obtained with gases, but readily volatile liquids, such as 
the lighter petroleum oils, benzine, alcohols, turpentines, 
ethers and the like readily form explosive mixtures, and 
they have in fact been the cause of many serious acci- 
dents. Thus two British men-of-war, the Doterel and 
the Triumjih, have been blown up, owing to the pres- 
ence on board of a dryer for paints of which benzine 
formed a part; and the serious explosion in Pawtucket, 
R. I., and the still more disastrous one in Rochester, 
N. y., arose from naphtha's having been permitted to 
escape into the sewers. 

To produce explosive mixtures of solids and air it is 
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essential that the solid should be quite finely pulverized 
and the pnrtielea well diffused throuj,'h the air, but these 
conditions are easily obtained when conibiwtible dusts are 
pUrred up by a breeze, and (excepting recognized explo- 
;ves) such mixtures have probably been the most fre- 
^ent cause of accidental explosions. For example we 
ve records of explosions of coal-dust laden air in coal 
ines, of sawdust in wood-working factories, starch in 
idy factories, flour in flour mills, rice in rice mills, and 
dust in breweries and spice mills. Perhaps the most 
jugular example of this class of explosions is that of 
Inely powdered zinc which occurred at the Bethlehem 
inc works in 1854. 

If we consider and compare all of these cases of rapid 
ombustiou we see that we either have gases present or 
, mixture which closely appi-oximates in stut« to that of 
, gas, and that the combustion is attended with the pro- 
luction of flame. It is by Inllammaticm that combustion 
is most readily propagated, and we shall see further on 
that this plays an important part in the combustion of 
solid mixtures. 

Returning now to the experiments in which we burned 
, wood, sulphur, and the candle, in air and oxy- 
m, you will recall that the solids disappeared and that 
leous compounds of C, H and S with o.xygcn, such as 
IO3, H;tO and SOa were formed. This is our experience 
th common combustibles. It is obvious that, weight 
r weight, the gas, wlien under the same condition.^ of 
'temperature and pressure occupies a much larger volume 
than the solid from which it is formed, so that tliese 
combustible solids must produce a volume of gas very 
ly times greater than their own volume. But at the 
e time that the solid is converted into gas there is, as 
have seen, a considei-able development of heat also, and 
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the effect of this is to increase still farther the volume of 
the resulting gas. The effect of heat in thus expanding 
gases has been measured, and it has been found constant 
for all perfect gases. Taking the volume of any given 
mass of gas at 0° C as the unit, it has been found that 
the gas increases or diminishes ^ j^ = .003665 of its unit 
volume for every change of 1° C in temperature. This 
number .003665 is called the coefficient of expansion of 
the gas. Given this, and knowing the volume of any 
given mass of gas at a certain temperature, we can find 
what its volume will be at any other temperature, pro- 
vided the pressure remains constant, by the following 
expressions : 

Let V = the original volume, 
F' = " new volume, 

< = " number of degrees of change in tem- 
perature, we have when the temperature has increased, 

V'= V{1 ^.003665t\ 

And when the temperature has decreased, 

^ — i + .0036661 

A simpler way is by applying Charles' Law. This 
law is that, when the temperature remains constant, the 
volume of any given mass of gas varies directly as its 
temperature on the Absolute Scale. Or, 

Letting F = the original volume, 
F' = " new volume, 
jT = " original temperature on the abso- 
lute scale, 
T ' = new temperature on the absolute scale, 

F T VT 

We have y}=, -m^ and F'= —fft 



r 
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Knowing the temperature ou 
temperature on the 
273 to the degrees Centigrade, 
scales is shown hy the diagram: 

OENTIQRADE BCALE. ABSOLUTE SCALE. 



Centigrade scale, we 
lute scale by adding 
e relation of the two 



As an example of the application of this expres^^ion let 
us take 15 cubic centimeters of at 0" to find wliat the 
volume will be at GO": 



F'=15cm 

: + 273 = 273 
y> 15 X 333 



V' = required 

T' ~&0-\- 273 = 334 



If the change of state of the combustible bodies, wliich 
we have been considering, takes place within a confined 
space, it is evident that, since the volume of the pro- 
ducts is much greater than that of the factors, a consid- 
erable pressure must be exerted upon the confining en- 
velope. The extent of this pressure may be calculated, 
when we know the volumes of the factors and products, 
and the original pressure, by applying Mariotte's Law. 
Tliis law asserts that for any given mass of gas, provided 
the temperature remains constant, the volume varies in- 
versely as the pressure. Or, 

Letting V =: the original volume {at P). 

V = " new volume (at P"), 

P ^ " original pressure, 

P = " new pressure, 

™ . V P' ^, VP 

We have -™ ^ „- or P = 





e. (J. Let us fill a glass tube, of 18 cm capacity, vrith 
water, seal the tube, and completely elecLrolyze the 
water. What will the pressure on the tube then be 

Since we have taken 18 em of water we have U 
gnims of water, and knowing that one liter of H at 
0° -|- 76 cm weighs .0896 grams, we can from the chem- 
ical equation, representing the electrolysis, calculate the 
volume, at 0° -\- 76 cm, which 18 grams of water will 
produce: 

2 I 11,0 I = 2 I HH I + I 00 I 

By weight, 36 = 4 

By volume. 2 := 1 



4 

.f. '^ 



32 
1 



The vapor density of H^O : 



2 



.-. 1 litre weighs .0896 X 9 = -8064 grama, 
hence the volume of 18 grams of Il^O at 0° = 76 

will be -gQg^ = 22.32 liters, 

and, as by the equation, the volume of the products is 1 
that of the water taken ns 2 : 3, we have 

3 X 22.32 _ 33 4g 1 liters of the products 
2 , ~ ■ I at 0° -(-76 cm. 

This volume is, however, reduced by the conditions i 

the experiment to 18 cm = .018 liters. Hence we hai^ 
V = 33.48 Uters, V ' = .018 liters 
P = 76 cm, P' = required 

^'"^X'' : 141300 c„,. 



.?■=■ 



0.18 
or since an atmosphere = 76 

P 



141360 



76 



1860 atmospheres. 



k 

B We Imve called attention to the fiict that ihtiing ui^ 
Hpinary combuntion heat in evolved, but it is to be cx- 
Pl^jected that the rumntity of heat for unit mass will varv 
with the substiince taken. This quantity of heat, which 
a given mass of a given nubstance can evolve when burn- 
ing under certain pre.scribed circuni stances, h called its 
oforific power. 

As has been said, this quantitv varies very much wiih 
he nature of the subfitance burnt, but it in always coustant 
br the same combustible, if burnt under precisely the 
ne conditions, and it is also directly pntportional to 
he weight of the combustible consumed. The following 
table gives the number of units of heat evolved by one 
fgram of each substance when completely burnt (in its 
ordinary physical state) in oxygen gas: 



Hydrogen, 


34,462 


Olefiant gas. 


11,858 


Wood charcoftl, 


8,080 


Ether, 


9,027 


Diamond, 


7,770 


Alcohol, 


7,184 


Sulphnr, 


2,220 


Phosphorus, 


•5,747 


Carbon monoxide. 


2,4(10 


Drv wood. 


3.654 


JManih gas, 


13,003 


Bituminous coal. 


7,500 



From these nmnberw we may calculate approximatelv 
the calorific power of any of our oi-dinar^' fuels, when we 
know their ultimate composition, if we assume that it is 
equal to the quantity of heat which would be developed 
by the perfect combustion of all the carbon, and of so 
much of the hydrogen present as is in excess of the amount 
necessary to fonn water with the oxygen which exists 
in the fuel. However, in estimating the available heat 
of a combustible, we must deduct the amount of heat 
required to convert tliis combined water (and also anv 
hygroscopic water present) into steam at 100° as the 
tempeniture of the calorimeter, used in finding the ijuan- 
tities given above was 20°. 



I 
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If till.' products remain the snme the ciilorific power of 
II givL'ii quantity of a given fuel is independent of the 
speed of the combustion, but it ia evident, that, other 
things being equal, the resulting temperature will depend 
upon the rapidity with which the heat is developed as 
compared with the rapidity ^vith which it is dissipated. 
If we assume, however, that all the heat is retained in 
the products of the reaction, we can calculate the maxi- 
num temperature which can be produced, provided we 
know the calorific power of the fuel and the specific heat 
of the products of the combustion. This temperature is 
known as the cnlorific intensity of a fuel. 
Let W = the weight of the fuel burned, 
" C = " calorific power of one gram of the fuel { 
100°, 



W„ W^, TTg, 

combustion. 



: the weight of the praduets c 



" Si, S2, -S3, etc., = the specific heats ditto, then 
Wi Sy + W^St-\- W3 S3 -h etc. = 
the amount of heat necessary to raise the whole massofj 
the product-;* through one degree, and hence, 
WC 

which is the calorific intensity^ 
Having the data, let us now find what the pressures 
would be in the glass tube used in the last example, pro-fl 
vided the gases existing there were detonated. We have J 




s 



Or the 2 + 1 = 2 volumei 

Or the 35.48 liters are reduced to 23.32 liters, 



!?)ut at the momuiit of explor-ion heat is evolvud, niicl to 
find the resulting teniperature we have fruin nbove eqiia- 
•tion that 

I gram of H yields 9 grams of HaO, 
^d, from the table, 

1 gram of H yields 34,462 units of heat at 20° C, 
hence, mince 637 units are required to heat 1 gram H^O 
from 0° to 100° and vaporize it, the available units of 
heat produced (at lUO") will be 

34462— (617 X 9) = 34462—5553 = 28909, 
and the specific heat of aqueous vapor being .475, the 
iftloiific intensity will be 



28909 
9 X .475 '' 



28909 
' 4:275 ^ 



: 6762° C 



From above we find that the volume of the water 
vapor at 0° and 76 is 22.32 liters, then its volume at 
6762° will be 



V'-. 



_ 22.32x (6762+273) 
273 



22.32 x T035 f 575 
273 ~ \Utei-s. 



As, however, this volume is confined in a tube of .018 
'Kters capacity, we have 

„ 575 X 76 



.018 



: 2427778 cm. 



2427778 
P" =: — )= - A ■ ■ = 31944 atmospheres. 



We have seen that combustion ensues when a sufficients 
ly pure combustible substance and a supporter of combus- 
tion are brought together in suitable proportions and are 
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heated to the temperature at which chemical union takes 
place, and that, as a result of this combustion, heat is 
evolved and gases are produced ; and, that, on account of 
the heat evolved, the gases produced are very greatly 
expanded if unconfined, but if confined they exert a very 
considerable pressure on the confining envelope. 

When combustion is once started, in order to continue, 
it is necessary that the supply of both the combustible 
and supporter of combustion should be maintained, and 
that the temperature of these bodies should be kept at 
or above the point of ignition. The heat evolved by the 
burning mass tends to maintain the unburned por- 
tions of the mass at this necessary temperature, but, on 
the other hand, radiation, conduction and convection are 
continually operating to reduce this temperature. 

For example, let us surround this candle flame with a 
coil of cold copper wire. The coil, as you see, does not 
touch either the wick or the candle, yet the flame is ex- 
tinguished. Again, let us bring this piece of wire gauze 
down upon a gas flame, or let us so arrange the experi- 
ment that the gas passes through the gauze and is ignited 
above. In both cases you see that, while the cold gauze 
permits the gas to pass through, the Aame is cut off. 
This is evidently due to the fact that the gauze absorbs 
heat from the flame and cools the gas, which passes 
through, below its point of ignition. This effect of the 
gauze is very strikingly shown when we pour a quantity 
of inflamed alcohol upon it. The alcohol runs through but 
the flame is extinguished. 

This property of the wire gauze has been practically 
applied in the apparatus before you, which is known as 
Davy's Safety Lamp, and which is intended for use in 
mines where there is a possibility of meeting with explo- 
sive mixtures in the atmosphere. The lamp, as you see, 



B simply encloaetl in wire gauze. When brought into an 

ixplosive or inflniiimabli> atmosphere the fliinie is very 
mnch elongiited owing to the combustion of the materials 
which pass through the meshes, but in a still atmo-<phere 
the fiame cannot be communicated with the atmosphere 
surrounding the gauze so long as the latter remains cool. 
As combustion goes on, however, the gauze may become 
heated to the point of ignition of the explosive mixture 
about it, and then it is, if anything, more dangerous than 
a naked flame. Another and more serious defect is found 
in the fact that. If the atmosphere is in motion with a 
velocity of eight hundred feet per minute and higher, 
Ihe burning mixture within the enclosure may be driven 
through the gauze and ignite the exterior atmosphere. 
The effect of the gauze in the above cases is explained 

s being due to tlie fact that it is a good conductor of 
heat, and so cools the flame. I have devised an experi- 

;Dent to test this. I take a bag of woolen cloth {a nota- 
bly poor conductor of heat) and repeat the experiment 
frith the burning alcohol, substituting the cloth for the 
wire gauze, and the result is as before. This experiment 

ihow8 that the extinction of the combustion is due to the 
mresence of a colder body. The advantage which the 
gauze possesses is that it can act eCBciently for a longer 
lime, and on a larger or hotter mass. 

We have said that there were several ways by which 
bodies could be ignited. Let us before closing this lec- 
ture consider these ways : 
ift. By contact with a heated body, either solid, liquid 

or ga.seou8. Tliis is the ordinary way. 
Bnd. By friction. We have examples of this in the fric- 
tion match and friction primer and it is also shown 
by the use of Munroe's apparatus for the conver- 
sion of mechanical energy into heat. 



16 



3rd. By percussion. We have an example of this in the 
percussion cap. Or in the mixture of KCIO3 and P. 

4th. By concussion. We have an example of this in the 
toy torpedo. 

5th. By an electric spark. This is shown by the explo- 
sion of a mixture of H and 0, and of an F igniter. 

6th. By an electric current. This is shown by the ex- 
plosion of a D. E. igniter. 

7th. By thermal radiations. This Is shown by the use of 
a "burning" lens. 

8th. By chemical changes. This is shown by the action 
of H2SO4 -f- water on P. Or by igniting P, in 
contact with KCIO3, under water by the action of 
H2SO4. The service example is found in the Sul- 
phuric Acid Fuze. 

9th. By physical changes. This is shown in the " Fire" 
Syringe. 

10th. By chemical and physical changes. This is shown 
in the Dobereiner lamp, in the coil of Pt wire, or 
by covering a bit of P with dry, powdered char- 
coal, or by saturating paper with a solution of P 
in CS2. 

Reference books, Barker's College Chemistry ^ Cooke s 
New Chemistry, Bloxarns Chemistry, Faraday s History 
of a Candle Flame, Stewart's Heat, Ganofs Physics, 
Converse's Torpedo Fuzes. 
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EXPLOSIVES-GUNPOWDER. 
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From the experiments nmde in the last lecture we saw 

if under certain circumstances a combustible anil 

;pporter of combustion were mixed and ignited, an ex- 

ilosion ensued, and that these circumstiinces seemed to be 

lat the mixture should be so intimate, and the materials 

pure, that the combustion could go on with great 

.pidity, and further, that the products of tlie combus- 

ion should occupy a very much greater space thiiu the 

tors. We further saw, tliat if oxygen were supplied 

the combustible, combustion could go on out of con- 

ict with air, and even in the midst of and in contact 

,th a body of water, and that this oxygen might either 

be supplied in the free state, or combined, as in KClOg. 

to be liberated as the combustion progressed. 

The latter condition is that which obtains in the class 
explosive mixtures of which gunpowder is a conspie- 
lus example, and this is owing to the fact that we can 
thus obtain the explosive in the compact, convenient 
solid stjite which permits of its being worked into such 
forms and masses as will best fit it for the purpose to which 
to be applied. On consideration it becomes evident 
.t there are a very large number of combustibles and 
large number of oxidizing agents which may be 
iployed in making explosive mixtures, but long exper- 
ice has led to the conclusion that a mixture of wootl 




charcoal and potassium nitrate is the best adapted for use 
in ordinary guns. As, however, such a mixture possesses 
a relatively high point of ignition, it is necessary to add 
to it a portion of some substance possessing a lower point 
of ignition, and sulphur has been selected for this pui^ 
pose. 

On consideration, it becomes evident that, in such a 
mixture, the proportion of each substance used may be 
varied between quite wide limits, and yet each mixture 
may be explosive, but that there must be some one among 
them which is best adapted for use. Experience has led 
to the belief that a mixture containing 

KNO3 75 per cent, C 15 per cent, S 10 per cent 

is mixed in the best proportions, and the majority of the 
military nations have adopted this mixture. Debus, in 
his masterly essay on the " Chemical Theory of Gunpow- 
der,"* says: "If, therefore, the composition of a gunpow- 
der is required which shall possess nearly the greatest 
energy, and at the same time contain the smallest amount 
of sulphur compatible with this condition, an experience 
extending over 500 years has selected a mixture which 
contains saltpetre, carbon and sulphur nearly in the 
theoretical proportions.'* 

As gunpowder is a mechanical mixture, it becomes evi- 
dent that, to secure uniformity in the product, the sub- 
stances must be pure, finely divided and intimately 
mixed, hence we will now review the methods of produc- 
tion and preparation of the constituents, and the manip- 
ulation of the mixture. 

The nitre or saltpetre used in the manufacture of gun- 
powder comes from two different sources. The first, 
known as India saltpetre, is pottissium nitrate; the sec- 

•P/iW. Trans. 173,523-594; 1882. 



nd, known tis ChiH saltpetre, is sodium nitrate. Tlie 
ames of the different naltpetres, India and Chili, are de- 
rived from the localities in which they are found in the 
largest quantitiex. The nitric acid, with which the metal- 
lic elements are combined, is either formed from the oxida- 
tion of organic matter in the soil, or from the union, under 
peculiar conditions, of the nitrogen of the air with the 
oxygen of the air. The India saltpetre is probably formed 
in the firnt way, the Chili saltpetre in the second. The 
India saltpetre is found either in caves or disseminated 
through the soil. When it is found in caves the rock is 
broken up by suitable means and mixed with pounded 
wood ashes. This latter is added to convert the calcium 
and magnesium nitrates, which are also present, into 
potassium nitrate. The mixture is then treated with water 
and allowed to stand until the impurities have settled. 
Then the clear supernatant liquid is decanted and evap- 
orated until the nitre begins to crystallize. It then 
ands till all the nitre which will separate has done so, 
ftrhen the mother liquor is drawn off, and the crystals aiv 
fied and packed in bags for transportation. 
The earth from which the nitre is obtained is found 
^crusted with it. It exists widely disseminated through 
he .soil, and when the rain and dew, which fall, have fil- 
ered into the soil they dissolve the nitre. As the water 
jJBes during the day, owing to capillarity, it brings 
fee nitre with it, and, when the water evaporates, the 
hitre is left as a white efflorescence. The soil is now 
[ftthered and treated in the same manner as the rock 
■om the cave.s, except that, it is so rich in nitre, it iw 
iot necessary to mix wood ashes with it. Although it 
3 been stated that the India saltpetre receives its name 
iom the locality in which it is most abundantly found it 
i not to be inferretl that it in not found elsewhere, for it 



18 quite widely distributed over the earth, and in many 
places it is in sufficient quiintity to bo profitably worked. 

In countrie,-- where the saltpetre is not produced mitr 
urally in sufficient quantity, the people resort to artifi- 
cial means for ubtniiiing it. This is briefly described by 
stating that the refuse uf the stable and slaughter house 
is mixed with earth and ashes and piled in heaps where 
it can be exposed to the sun and air. The heaps are 
moistened, from time to time, in order to assist the 
change. After about three years the process is com- 
pleted, and then the earth is treated in the manner pre- 
viously described for the extraction of the saltpetre. In 
Sweden for a long while some of the revenue taxes were 
paid in saltpetre which was produced in this way. 

The Chili saltpetre is found as an extensive deposit in 
the district of Tarapaca, Northern Chili. So great is the 
quantity accumulated there that it is estimated that, at 
the present rate of consumption, it would last 1,393 
years. The nitre is quarried, just as other rocks are, by 
blasting, and the mass which is exti'acted is broken up 
and thrown into a boiler. Water is added and the whole 
is boiled until a saturated solution is obtained. The 
earthy matters and conmion salt which have separated 
are now taken out, and the clear liquid is drawn and run 
into coolers, where the saltpetre crystallizes out and is 
dried and bagged, for shipment. 

India saltpetre i.s often made by treating the Chili salt- 
petre with wood ashes, or with salts of potassium, by 
which means potassium nitrate is obtained and sodiuni 
carbonate or other sidts of sodium result. 

The sulphur used for gunpowder is principally of \ 
canic origin, and is found in a free state, mixed with i 
purities, in volcanic countries, such as Sicily, the Sw 
wieh Islands, etc. Sicily furnishes the greater part < 




ulphur of commerce- Its yearly producr 
) about l()(),f)n() poiinils. The sulphur is separated fi-oui 
* impuritieM by isiiiiple (liistiUntion. 
T\ni charcoal employed is produced by the (le«tructive 
distillatluii of wood, the dry wood being packed iu iron 
retorts which are heated by wuitidjle means. As a result 
the cellulose is decomposed, all of the volatile matters 
being driven oft and leaving the charcoal behind. 

The powder manufacturers prepare their own chareoal, 
but the other materials are obtained iu commerce and 
must be !?ubjected to repeated processes of purification 
before they are suitable for use in this manufacture. 

Thus the saltpetre of commerce contains impurities, 
Buch as common salt and sand, which would act in- 
juriously if incorporated into the powder, and the 
Bind, especially, would also endanger the lives of 
ttie workmen during the process of incorporation. The 
»ethod of purilieation depends, first, upon the fact that 
laltpetre is much more soluble in hot than in cold water, 
jrhile the impurities, if at all soluble, are not rendered 
more soluble by heating the water. The method depends, 
tcondly, upon the fact, that, when the saltpetre crys- 
Iftllizes it separates from the impurities in the solution. 
To effect this the crude saltpetre is dissolved in large 
Sopper pans capable of holding 500 gallons of water, 
wo tons of the nitre are put in and 270 gallons of water 
J added, the whole is then allowed to stand over night, 
ind in the morning fires are lighted under them. At the 
ottom of the pans are false bottoms perforated with 
lolea into which the sand and other insoluble impurities 
1 fall. Just before the solution begins to boil these pans 
ire withdrawn. Besides these in.-ioluble impurities a .scum 
Consisting of organic impurities rises to the top which is 
fcimmed off. To ensure the whole of this rising, gela- 



tine or glue is added to the r 



? niaas, and it serves to c 
late the impurities. The salt is all 
boiling commences about two hours i 
lighted. The boiling iw continued until all the scum 
rises to the surface. When it has been skimmed off the 
copper is filled with water. It is heated up to boiling, 
and the solution is then filtered. This is done by strain- 
ing it through bags, and by this means the last of the 
impurities, which are undissolved, are removed. From 
here the solution runs to the cooler, a large, shallow flat 
trough of copper, where, if the solution is allowed to re- 
main undisturbed, the saltpetre crystallizes out in the I 
form of large prismatic crystals. 

Since, however, it is necessary to have the saltpetre 
finely pulverized, ready for mixing, it is generally cus- 
tomary to agitate the liquid while it is cooling, and the 
result is that the salt crystallizes out in the form of a fine 
powder, known as sjiltpetre flour. As fast as the flour is 
formed it is removed and placed upon an iuclined pla1> 
fonn to drain, and this is continued until all the flour has 
been separated. The liquid remaining, known as the 
mother liquor, is used for dissolving a fresh portion of 
the crude salt. The saltpetre flour is placed in a tank 
and subjected to three washings. In each the crystals 
are covered with water, and it is allowed to stand one- 
half hour when it is drawu off. Each time the water 
becomes saturated with saltpetre, but it also carries off , 
some of the common salt. The solution from the last I 
washing is nearly free from common salt. All of these i 
solutions are used again to recover the saltpetre from 
them. The flour is now dried and is ready for use in , 
the mixture. 

Tlie sulphur of commerce is purified by distillation < 
and melting, being finally obtained in the form of foUJ 
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brimstone. Tliese nAh are then crushed lu a suffi- 
.ciently fine puwder under heavy rollers, and the jjowder is 
then sifted to obtain it of a uniform degree of fineness. 

The charcoal which is used is made from either willow, 
alder, iispen or blnck dogwood. These woods have been 
in use for many yeai's, and recent investigations have 
fihown that the popular belief, that they were the be!<t. 
was well founded, for they furnish light, easily buniing 
charcoals which have scarcely any ash. The Ilghtue.'i'M 
of the charcoal is due to the fact that the wood grows 
very fast. Of nil the woods mentioned, the willow grows 
the fastest, and it has been found to furnish the best 
charcoal. Since the quality of the powder is largely 
affected by the kind of charcoal used and the degree to 
which the charcoal has been burnt, this operation must 
be conducted with great care. 

Small wood of about ten years growth is preferred. 
Alder and willow of this age will probably be four or five 
inches in diameter, dogwood about one. Great stress is 

id on the cleanliness of the wood. It must be free 

>m every trace of bark, hence it is cut in the spring 
^hen the sap is rising and when the bark can conse- 
i^uently be easily removed. The wood, after stripping, 

stacked for a year or two until it becomes thoroughly 
,r dried. 

The completion of the burning of the charcoal is 

larked by the color of the gas flame which issues from 

the retort. If red charcoal is wanted the combustion is 

firtopped while the gas yet burns yellow, but if black 

(charcoal is wanted the burning is stopped when the gas 

(gins to bum blue. The product of coal in the last case 

about 25% of the wood put in. Provided the cylinders 
•e hot, when the wood is put in, the burning is com- 
pleted in two or three hours. The gases which are given 
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off confsij^t of hyilrocarboiis wunihir to what are found inl 
coal gas. Another Bubstatice, called pyroligneous acid, is 
also evolved, and this is often of sufficient conunercial 
value to warrant the manufacturers in saving it. Thiaj 
is done by simply condensing the escaping vapors, wheiil 
the acid foi-ms as a dark, disagreeable looking liquid. Ifel 
is used extensively in printing dress goods. When this 
apparatus is used the workman must depend upon his 
judgment, based on experience, as to whether the wood 
has been burned sufficiently or not. If the temperature 
of the cylinders is 1,800° F. black charcoal is fonned, if 
0(10° F. red charcoal is produced. 

Ked charcoal is softer, more easily crushed to powder, 
absorbs water from the air more readily, and is more 
easily ignited than black charcoal. While red cliarcoal 
ignites at 640° F., black charcoal must be heated up to 
twice that temperature before it will ignite. Of course 
the gunpowders made from these different charcoals par- 
take of the (juaiities of the charcoal. Gunpowder mad^ 
from red charcoal ignites readily and explotlea violently] 
the grains break down easily into dust, and it absorlM 
water very readily from the air and becomes worthless 
The powder made from black charcoal has a higher poia 
of ignition, the rate of its explosion can be more easiljf; 
controlled, the grains are not liable to dust, and, if propi 
eriy made, it does not absorb water very readily. Boi 
sides the gases and pyroligneous acid, which are given off, ' 
coal tar is formed, and unless great care is taken it runs 
back into the cylinder, becomes decomposed by the heat 
and forms a hard, black coal which is quite incombustible 
and is worthless for powder making. When the charcoa] 
is cool it is carefully picked over by hand, and the se-g 
lected pieces are then pulverized in a suitable mill. 

The materials having bb'en carefully prepared s 
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verized, the next proceeses have for their end the thor- 
ouf^h mixing of the ingredients. 

The mixing machine consists of a drum of gun metal 
'iicli revolves at the rate of forty revolutions per min- 
tte. The bearings of the drum arfi hollow to receive a 
it which passes through them. On the shaft i« a 
fries of forty-four arms or fliers which just clear the in- 
irior of the dnim. The shaft revolves in an opposite 
rection to and with twice the speed of the drum. The 
sing is carried on for five minutes, and the mixture 
passes to the incoi'porfiting mill. The process conducted 
here is the most im]>ortfl,nt of all. By incorporation is 
wmply meant the long continued grinding together of 
,tiie various ingredients, in onler to mix them so inti- 
lately that none of the separate ingredients are visible 
to the naked eye, biit the mixture appears aa a homo- 
geneous mass. Unless this be done perfectly, complete, 
mutual decomposition of the constituents of the pow- 
der by combustion cannot be expected. The powder 
!en depends chiefly for its excellence upon the complete- 
lesa and thoroughness of the incorporation. Provided 
;tiie incorporating mill is sufficiently powerful and too 
luch of the mixture is not employed, the incorporatiou 
la effected in a few hours, and nothing is gained by con- 
tinuing the process, but, as imperfectly incorporated pow- 
der cannot fail to be of inferior quality and, as it is liable 
foul the gun, it is best to continue the incorporatiou 
r some hours longer, and if the powder is thus rendered 
violent, we can overcome tJiis defect by making the 
very hard and dense, and by varying the size and 
of the grains. 

The incorporating mill consists of a circular bed of iron 

ir stone on wiiich the mixture is placed, A vertical shaft 

■s tlirough the centre of this bed, and this shaft carries 
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a horizontal one, on the two ends of which heavy stone 
or iron wheels, called edge runners, are hung. These 
wheels rotate upon the horizontal shafts and, as the ver- 
tical shaft revolves, these travel in a circle around the 
bed. At the point on the bed where the edge runners 
touch, the motion of rotation and translation are trans- 
formed into a twisting motion like that of a muUer, and 
the material in contact is thus very thoroughly mixed. 

The edge runners are generally of iron or stone, 
weighing from three to seven tons and being from four 
to seven feet in diameter. One wheel is a little nearer 
the vertical shaft than the other. They are driven 
by water power. The wheels are so movable on the 
spindle that they can accommodate themselves to the 
varying thicknesses of the layers of powder. 

To incorporate, fifty pounds of the mixture are placed 
on the mill-bed and slightly moistened, then the wheels 
are set in motion. If the wheels are of stone weighing 
3^ tons, and making 7i revolutions per minute, the in- 
corporation is completed in 3^ hours. If the w^heels 
are of iron weighing 4 tons, aud making 8 revolutions 
per minute, 2| hours are required for cannon powder. 
Thus we see that we can easily estimate the capacity of 
a powder mill, if we know the number and size of its in- 
corporating mills. 

The workman does not remain in the mill throughout 
the operation, but only comes in occasionally to wet the 
charge. From two to ten pints of water are used, de- 
pending on the weather. When the operation is com- 
pleted the mill cake, as the mixture is now called, is re- 
moved from the bed and runners by the aid of a copper 
chisel and wooden mallet. It is then tested by flashing 
to see that the incorporation is complete. 

The chief danger during the manufacture of powder 
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in the incorporating mills, and it i« fortunutfly lucatcd 
this point, because there is less powder here at any 
le time than there is in unv other part of the factory. 
To render tlie damage done hy the explosion m sli^lit us 
possible, the bnilding^ in which the mills are put are 
built with a very strong framework covered with hglit 
faiDards, or else with three sides of stone and the other of 
light wood. When the explosion occurs the wooden side 
blown ont and the walls remain. A.f the mills are 
imetimes built in group.s, to prevent the explosion of 

Kne wheel mill being communicated to another, a drench- 
ig apparatus automatically wets the charge in the mills 
adjacent to the one exploded. 

Another plan for pi-otecting the mills is by building 
;jbarrieades. At the Dupont Works these are huge masses 
masonry tilled with earth; at the Oriental Mills they 
iK simply of wood built in the shape of an A. While 
hese barricades serve in some measure to prevent ig- 
lited particles from being thrown from one mill to 
■nother, they would not probably prevent the traiisniis- 
Bon of vibrations or shocks from one mill to another. 

The mill cnke is partly in the form of line meal and 
;|(artly in the condition of cake, and it now passes to the 
Mess mill. This is a powerful hydraulic press with a 
tctangular box, which is divided into comjiartments, of 
tiie desired width, by means of moveable copper or gun- 
metal plates. When the spaces have been charged with 
the mill cake, pressure is applied, which results in caus- 
ing the particles to cohere, and the powder is taken from 
Bieliie press in the form of sheets, having an area equal to 
^Khat of the press plates and a thickness wliich is depen- 
dent on the filling space and the amount of pressure ap- 
plied. Sometimes the press plates are corrugated like 
wafile irons, as for instance in the manufacture of Waffle 
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and Hexagonal powders, and sometimes they are re- 
placed by a press block filled with moulds, in each of 
which a separate grain is pressed. The latter form is 
used for modem large-sized grain powders such as Cocoa 
powder. 

This operation is a very nice one, for the density of 
the finished product depends upon the pressing in this 
mill. Col. Brackenbury,* R. A., says of this: "Gunpow- 
der is such a nervous and sensitive spirit, that in almost 
every process of manufacture it changes under our hands 
as the weather changes. Sometimes its sensibility can be 
detected and allowed for, as in the process of pressing it 
into moulds, when we can by actual trial tell what densi- 
ties we are getting, and give more or less pressure as is 
required. For instance, on the morning of the 13th of 
June, 1882, the pressure had to be applied for 45 sec- 
onds. Later in the day only 29 seconds were required 
to obtain the same density, so that in the morning of a 
June day half as much again time was required as in the 
afternoon. On the 30th of June, 1882, during part of 
the dav the time was as short as 26 seconds; on the 11th 
of December the time varied between 98 and 84 seconds 
to get the same density as was obtained in June. In the 
other stages of manufacture we have no such indications 
as in the pressing process, but it is a fact that not only 
the warmth of the summer and the cold of the winter 
affect it greatly, but the morning mists, the sunshine of 
midday, the dews of evening, yea, even a passing cloud, 
tell upon its nervous temperament." 

The press cake passes to the corning or granulating 
machine where the cake is cut into grains. The coming 
machine consists of a hopper, into which the charge is 
fed, an elevating band, an endless revolving table, four 

•Jour. Roy. United Service Inst.j 28, 379; 18M. 
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Its of mllers, and weveml sotfiof screens for rtorting the 

18 into boxes which are pliiced to receive the differ- 

tnt sizes. 

The rollers, which are of corrugated or toothed gun- 

letal, are adjusted to the size of grain required, the two 

ipper being coarser than the two lower onea. When the 

lopper has been emptied a clutch i« relieved which stops 

i^e machine, and, at the same time, rings a bell at the 

office, thus notifying the workman of the fact. As the 

machine is self supplying, the workmen are not obliged 

to be present during the operation of it. 

The reel revolves for about a half hour, making forty 
.irevolutious. then one end is lowered, the head taken off. 
and the reel revolved backwards until all the powder has 
run into the barrel which is placed to receive it, from 
which it pa.'<ses to the glazing barrels. 

These are simply wooden barrels which revolve on a 
^^orizontal axis. By the friction of the grains against 
ich other the angles are rounded off and a hard, pol- 
iied surface is imparted to them, and thus they are in 
;better condition for transportation. For the coarser can- 
non powder, and for blasting powder, an artificial glaze 
added by putting a little graphite in the glazing barrel. 
The Oriental Powder Company use 4 oz. of graphite to 
1,200 lbs. of powder, yet this amount is considered objec- 
tionable for fine grained regulation powder, since it re- 
tards ignition and fouls the piece. On the other hand, it 
is an advantage for powder to be used in fixed ammu- 
nition, since it permits the grains to pack close together. 
During the process of glazing more dust is of course 
Tmed, hence the powder is again returned to the dusting 
and then goes to the drying house where it is ex- 
ised on shelves to a temperature of from 125° to 130° 
Here it is kept for about a day and is then ready for 
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packing. When packed in quantity it is put in wooden 
kegs, which are held by wooden or copper hoops and 
fastened with copper or composition nails. 

In 1862 or 1863, Col. G. W. Rains* introduced into the 
Confederate powder mills at Augusta, Georgia, a process 
of mixing which was claimed to be so much more thoi^ 
ough that the time required for incorporation was re- 
duced three-fourths. The sulphur and charcoal were 
severally pulverized and bolted; the nitre (pulverized by 
disturbed crystallization) was added to these, and the 
mass, roughly mixed, was moistened with w^ater and in- 
troduced into horizontal cylinders of sheet copper, 30 
inches long by 18 inches in diameter. These cj^linders 
revolved closely on a common axis consisting of a heavy 
brass tube 3 inches in diameter, perforated within the cyl- 
inders by a number of holes one-eighth inch in diameter. 
High pressure steam was introduced through this tube, 
raising the t-emperature to the boiling point, while the 
the water produced by condensation, added to that origi- 
nally used to moisten the materials, reduced them to a 
semi-liquid slush, which was nan out of the cylinders after 
about eight minutes rotation. On cooling, this mud be- 
came a damp, solid cake, the nitre, which in the state of 
boiling hot saturated solution had entered into the min- 
utest pores of the charcoal, now recrystallizing. The 
cake so produced was tranferred to the incorporating 
mills, and, under 5-ton rollers, was in an hour brought to 
the condition of finished mill cake, ready to be cooled and 
granulated, while, without the steaming process, four 
hours incorporation in the mills had previously been 
necessary to produce powder of the same first-class char- 
acter The capacity for work of the mills was thus prac- 
tically quadrupled, the thorough saturation of the char- 

•Ani. Chcm. Jour. 2, 423; 1881. 



coal with nitre being accomplirthed by the stenming. 
while it remninwl fnr llie njller« merfiy to conipk'te the 

» mixture of the whole mass and give the required density 
lo the null cake. 
The so-called Wiener powder, the invention of Colonel 
"Wiener of the Russian Artillery, differs in it* mauufnc- 
ture from the ordinary powder in the fact that all of the 
moisture is eliminated in the press mill, the mixture here 
(eing brought to a temperature of 240° F., the melting 
point of sulphur. In this manner, equal densities were 
[Stained, but the resulting grains were very porous, and 
consequently had a great eapacity for moisture. 

To reduce the danger attendant on the manufacture of 
lowder, Nordenfelt and Meurling have devised the fol- 
(kwing process: They first grind the carhonaceouH mat- 
er to a very fine powder, and then prepare the sulphur 
or use by dissolving it in bisulphide of carbon. The so 
btion is effected by the aid of a gentle heat in a water 
»th. and the evaporation of the bisulphide may he pre- 
rented by covering its .surface with a layer of water. A 
aturated or nearly saturated solution should be thus 
:«pared. The pulverized carbonaceous matter and the 
station of sulphur in bisulphide of carbon are then thor- 
ghly mixed together in a closed vessel containing a 
aechauical stirrer. When the mixture is complete, the 
blvent is evaporated or distilled oflE by the aid of a gen- 
ie heat. The vapor of the bisulphide is collected and 
ondeosed, so that the solvent may not be lost. Accord- 
Bg to the inventors, when the bisulphide of carbon is 
(Vaporated, the carbonaceous matter and sulphur remain 
Btimately mixed, and each particle of carbonaceous mat- 
er is impregnated with sulphur, instead of as present, 
rhere the admixture is obtained by grinding, the parti- 
Jes of carbonaceous matter and sulphur being only me- 
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chanically placed ,side by side. The saltpetre is prepai 
for use by dissolving it in water, the solution is added to 
the pulverized carbonaceous matter already impregnated 
with sulphur as described above, and the whole is stirred 
together in a mechanical mixer. 

The Fo««ano or Progressive Powder, uMed in the 100- 
ton gun at Spezia, is made in the following manner: 
After passing through the incorporating mill, the mix- 
ture is pressed into a cake of a density of 1.79. The 
cake is then broken up into grains of about ^ to ^ inch 
in diameter, which are mixed with a certain quantity of 
fine grained powder, and the mhss is again pre.s.sed to a 
mean density of 1.76. This second cake is finally broken 
up into tolerably regular grauis about 2J inches in length 
and breadth by 1^ inches in thickness, thus forming an 
agglomeration of two den.«ities. 

Besides the changes in the methods of manufacture 
noted, several clianges in composition have been pro- 
posed and some of the materials suggested have given 
excellent results. __ 

Among the.se is the proposition of Nordenfelt and 
Mcurling to use hydro-cellulo.se as a substitute for the 
charcoal, while Prof. Karl Himly proposes to use hydP&- 
carbons precipitated from solutions in naphtha as a sub- 
stitute for both charcoal and sulphur. One advantage 
claimed for this last mixture is that it would be waters 
proof. 

Various powders which are claimed to be .smokeless 
have been devised. Thi.s is a property much to be de- 
sired in these times of enormous charges and rapid 
firing guns, but, so far as I have been able to learn, all 
of these powders contain a high explosive, and those best 
known are reported to he unstable. 

The new powder which has attracted the greatest in- 



iierest and been found most efficient in use in one of Gei-- 
nan origin, known as Cocoa or Brown Prismatic powder. 
Although this has heeu in successful use for a number of 
years, its composition is yet a trade secret, and hence the 
following report may prove of value. In considering it, 
. we should bear in mind that many varieties of charcoal 
may be substituted for the charcoal mentioned there, and 
hat other changes may be wrought at the pleasure of 
he miinufacturer: 

U. S. NAVAL ACADEMY. 

Annapolis, Md., March 28. 1884. 
Hut'. Ill' obedience to your order of January 21, 1834, I liAve the honor 
to reimrt the resmlts of my Analyeia of the Cocoa powder furnialied mo 
liy Lieut. Conidr, Folger of the Naval Experimental Battery. 

The powder was in the form of perforated hexagonal pt-imnB, of the 
Eolov of Coeoti, of a hurdness of l>etween two and three on Mnhr's scale, 
and H density reported as 1.86 ^rums. (Qualitative analysis showed the 
presence of potassium nitrate, sulphur, charcoal and water. The ehar- 
coal was of a reddish color and behaved towards alkaline hydroxides like 
under-burnt charcoal. Tlie action was especially uiurked with ammon- 
inum hydroxide as it dissolved out a marked quantity of humus-like Rub- 



etJince. Water also yielded a 


marked u 


.mount of infusion. QuimtitO' 


tive atuUysis gave 












11 


lU 


IV 




Moisture, l.M 


1.10 






1,08 


Nitre, 80.52 


80.:i<i 






80.44 


1 Charcoal, 15.80 


16.il» 






15.90 


Sulphur, 2.19 


2.20 


2.24 


2.2! 


i 2.24 
OH.IKl 


The eharcfwl contaiuoti. 




















Carhon. 48.43 


48.17 


48.30 




4S.*J 


Ilydnigen, B.58 


7-,M 


G.M 




5..i7 


Oxygen, 44.M 


44.113 


44.75 




44.77 


Asii, i.ao 


1.30 


1.33 




1.33 
100,00 


ijt la to be seen by these analyses that the Cocoa 


powder differs mark- 



ny tram the U. B. B«Kulation powder. 

In the proportions of the ingredients: 
U. B. RegulMion Powder, 
Nitre, 75.00 

Charcoal, l.l.OO 

Sulphur. 10.00 

100.00 
Slid. Ill the cliaracter of tlie charcoal, whith is red instead of black. 
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lial analysie^^ 



tore of the nature of the eharcrail, a partial analysie _ 
The a«li wa« red colored. It yielded, 
Silida, 13.03 

Ftrrii- oxide, 25.40 
Alumina, 8.32 

I.ime. ^.W 

MaiirneHiti, 7.38 

Undetennined, lB..i7 

100.00 
The presence of ahimiiia in the OiSti aeeni!« to point to the <.'lub moss or 
Kume Himilar lycopotliaueous plaiitasthe source of the charcoal. Thorpe 
says, regardin); this, on page 188 of Coal, Itn Hiatori/ and Utra: "The 
uah nf modem lycopods ia chitrao-teriseil by the large proiKirtion of 
alumina which it contains, due iu all probability to the free acids pres- 
ent in the roots, by which they are enabled to duwcilve this earth from 
the soil, indeed so large a quantity of acetate and mutate nf ahmiina 
does club mosfl contitin that an aqueous infusion of this plant was for- 
merly used as a mordant in place of the ordinary 'red liquor' of the 
dyer. In no other plant, except in sphagnum, has this peculiarity of 
absorbing alumina been noticed. Direct observation has shown that the 
ash of trees such as the oak, birch and pine, growing on the same soil aa 
club moss, is perfectly free from this earth." On page 1B6, he states, 
"Dr. Vohl has made observations on the distribution of inorganic mat- 
ter of tphagntim cnmvivne during decay under water, which have a 
direct bearing on this point. He analyzed the ash of carefully selected 
tuosa, and subsequently allowed a portion to rot under water, and deter- 
mined the nature and amount of the constituents in the water, and 
also those remaining in the plant : 

DiiglnBl Venayei AaiiEDiu 
mHHa. runltlue. wiliiUon. 

Alkalies, 29.8 R 

• Ferric oxide, tl.4 l^ 

Alumina, hM St 

Lime, 3.2 2i: 

Uagnesia, 4.t) 3 

Bulphuric acid, 4.3 (I 

Phosphoric acid, l.l 3 

Silicia, 41.7 U 

It seems unlikely that moss should be used 
this purpose, but it has been pointed out in 
ture of Explosives," Proc. U. S. Naval Institute, Vol. VIII, pp. 458 and 
(JOB, that peat, which is produced largely from the decay of muss has 
been proposed for use in explosives. 
Analyses of peat given by Thon>e, loc. at, p. 172, are as follows; 

Carbou. Hydn^Bii. Oxygen and Kllrogan. 

Dartmoor, Devon, 59.7 

Lewis, Scotland, 01.2 

Bog of Allen, Ireland, 01.0 

Upper Shannon, Ireland, 01.2 



17.5 

ce of charcoal for 
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These results rliSer eomewliat from the analyseit 1 have obtained, as 
given above, but these just quoted, are calculated for n^h free peat, 
while mine cuntaias ash, and, besides, has prolmbly uiidei^one HOme 
treatment. Again, the chemical composition of peat will vary conaider- 
abl.V with its age and the iHisition of the beds in wliieli it is found. 

It occurred to me that it might i>e possilile for » vegetable physiologist 
to determine sometliing of the nature of the source of this charcoal from 
n examination of its structure bj the aid of the microscope. With this 
w I sent a portion of carefully waslied cliarcoal from Cocoa powder 
D Dr. George L, Goodale, Professor of Botany at Harvard College, with 
e request that he should tt<ll, if possible, whether it wan of "phaenoga' 
ircryptogainous origin." No reference was made to any special 
Under these circumstances the reply is somewhat surpriMng in 
U confirmation of the hypothesis suggested. It is as follows: 

BOTAMCAJ. QARDEN OF HARVARD 



CAMBKIDOK, Mass, Feb. 29, 1B84. 

t>KAA PHorEMoa: I have been luurh Inloroalcd In the specliuen of cliorcnal sent 
^ you- Tlie very BDiall aiuount of rettlclue Lett upon ^ncUiemtlon Is numCBtfveof a 
CCUuIv origin, f. r., In cllBtliii.'Uoii frum a vaHculiu. Evan the beat willow eharooali 
m even tliM mnilB from ulected wooda, will lenvo a trsi.-(i of lnniira(£<1 mutler luiil 
wmetliiDe In a torm by which Da source can be IdenCined. But upon foil this lell 
Ml; ao imdlatliii^iahable Ifoce wlUiout niiy cbaructerlBtlp (onus whatnver. It be- 
:e cfaarconi made by Ilir: fteotfh proceufmin lorxe aea weeds, thoroughly 
d and flnely powdereit Peat-aiogH.<!harcoBl uid pfiiiUcliarcoal have niuoU the 
tracter. II iieeros lu me blglity |>rol)nblD that thU Is made from a very dear 
e from roots) or from sea weuil ircaldl as bcture sMIeil. In the unbumed 
1 not detent any lUiiciiuitriG cuarks whatever, owlixg to the exceedingly Hae 
mlnntlod. The cnrbon which 1 send In this note Is not very unlike that whltrli 



t wish I cuuld be of lu 



uyoul 






Yoam very truly, 

GEUKGB L. noUDALE. 

laljsis of the charcoal sent by Prof. Goodale gave the following 



Carbon, 


01.27 


Hydrogeu, 


4.14 


Ox y Ben, 


32.27 



ischarcoal was blaclter than tlie Cocoa powder, and the ash wa 
wly white. The aali gave a marked reaction for alumina. 

Respectfully submitted, 

CHAHLES E. MUNKOE, 

Professor of Cliemlstry, U. S. N. A, 
To Commod<ire Montgomery Sicard, U. 8. N„ 
Chief Bureau of Ordnance, 
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It is remarkable that two observers, one testing by 
chemiciil methods, and the other by botanical, sbould 
have mdependently ariived at the same conclusion re- 
garding the source of tliiw charcoal, and a statement made 
in Dingier 8 Poly. Jour., 263, 149; 1887, tends to con- 
firm this conclusion. The sample examined was made «b 
the Rottweii-Hamburg, Powder Works, at Duneberg, e 
marked *^/i(j. Lieut. Comdr. Folger reported, on tri 
that it gave a fair initial velocity and low pressure, bii 
fouled greatly. A peculiarity was tliat it burned 
.slowly that a grain could be held in the hand, light! 
and then set down before the burning portion reachaj 
the fingers. With one grain weighing 42.4384 gram 
the time of burning was 17 seconds. If powdered 
still burns slowly as compared with pulverized blot 
(regulation) powder, which shows that the slow combiy 
tion i.i not due to the great density and hardness onln 
The residue, when burnt in the open air, consisted i 
KjCOa and K^-SO, only. 

The Dingier article above cited states that charcoi 
made by the action of superheated steam on rye straw | 
used at Chilworth, Eng. Dupont has also succeeded i 
producing a brown powder which compares well with 1 
foreign. His patents arc cited at length in the Proc- 
Naval Imlitute 13, 582-5 S6 ; 1887. and it will be seen 
there that he uses baked wood, wliich retains its fibrous 
structures, and a carbohydrate, such as sugar, in place c 
the charcoal. He claims the following fonnula 

Saltpetre, 78 parts, 

Sulphur, 2.8 to 3 parts, 

Carbohydrates, 3 to 4 parts, 

Baked wood, 12 to 12.5 parts. 

We have frequently been asked to state to what i 

properties which distinguish the brown prismatic powdd 
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! due, and we trust it mny not be considered out of 
lince if we .state our theory in this connection. 

Wc hold tbiit its property of imparting a high initial 
relocity to the projectile, while only exerting a relatively 
ow pressure on the walls of the gun, is due to the action 
it a number of causes, viz: 

1. The fonii of the grain. 2. The size of the grain. 
. The great density of the grain. 4. The great hard- 
ess of the grain. 5. The small percentjige of sulphur. 
. The easy imflammability of the charcoal or carbohy- 
Irates. 7. The relatively great heat evolved. 8. The 
iniplicity of the chemical reaction. 

Cause 5 tends to reduce the readiness with which the 
lowder will ignite, or raises it,s point of ignition, even 
rhen the grain is pulverized. Causes 1, 2, 3, 4 and 5 
lombined operate, so long as the first four exist, to pro- 
luce a very .slow rate of combustion. By the time, how- 
iver, that the projectile is moved from its seat, the 
[rains will be reduced in size and more or less broken 
ip. We shall then have a finer grained powder which is 
lighly inflammable at the temperature which exists, and 
lonsequently tlie volume of gas evolved will increase 
ftpidly as the volume of the chamber increases. Owing 
the relatively great quantity of heat evolved (cause 7), 
he cooling effect of the envelope is less marked than 
rith other powders. As the chemical reaction is a com- 
aratively simple one (cause 8), the speed of the reaction 
B probably more uniform than when the reaction is more 
feomplex, as in other powders. 

According to Berthelot, dissociation plays an import 
tent part. Thi.'* is possible, and even probable, with pow- 
lera made from underburnt charcoal, as this contains 
Carbohydrates, or with those in which a carbohydrate is 
I constituent of the mixture. 
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The iidvaiitage of the form of grain employed wai 
pointed out by Rodman,* the inventor, and his view 
have been confirmed by Sarrau.t The advantages i 
size, density (this is 1.86 in cocoa), and hardness are com 
monly known. Berthelot and Vieilleif have shown thafl^ 
the hydrates of carbon, such aa cellulose, contjiiu an eicM 
cess of energy above that given by the carbon and watem 
which their decomposition would furnish. And Nobl» 
8tate9,§ in his lecture on the " Heat-Action of Explosives,"! 
that ft unit mans of Cocoa powder yielded a greater numbejl 
of units of heat than any other of the standard powders^! 
which Abel and Noble tested, yielded. He also showallT 
that the chemical reaction attending the combustion c 
Cocoa powder is simpler than that attending any other. 

Among the practical difficulties which are met with ia 
the use of gunpowder in ordnance, tlie erosive action oi^ 
the hore is one which calls for serious attention, 
action of gunpowder has long been recognized, even in tha^ 
smaller calibres of great guns, but the very high charges 
now employed in modem ordnance {830 lbs. have been 
fired in a single charge from a 100-ton gun, and 300 lbs. 
from a gun not quite 25 tons in weight), and the rel» 
lively very long time during which the high pressur* 
and temperature of the explosion are exerted, haval 
aggravated to a very serious extent the evils due to er< 
sion, and the consequent rapid wear of the bores i 
guns. In fact, with the enormous charges now used, thai 
erosive action produced by a single round is distinctly 
-perceptible. 

The cause of this erosion has naturally been inquire 
into, and among the hypotheses which have been su| 

* SxiHiimFiila on Mftalt for Cannon nad Cannon Powder, ISJ-i'J')! BosMni 

t Pr<K. Xav. /m*. 10, IKIi ISM. 

t Prop. .Vnr, tntt. 13, M!'; 18». 

1 BtiU In ila Ueclianical Jimilcationt, Intt. Civ. Kng- Lond.,22ti IftBfi. 

I Lot. ea. aw, 



gested, the une whicli reftirs thiw iiction to the sulphur 
present has received credence. This does not seem un- 
likely, when we remember that we frequently have potas- 
sium disulphide, free sulphur and potassium carbonate 
among the products of the combustion of gunpowder, for 
it is a well-known chemical fact that a mixture of poly- 
■ulphides of potassium and potsissium carbonate, at a 
bright red or white heat, has a most powerful corroding 
action on metals (even on gold), and we might expect 
tiiat this action on the iron or steel surface of the bore 
would vary with the temperature, pressure, time of cool- 
ing and tlie condition of the surface of the cylinder. 

From experiments and observations made by Abel and 
Koble, it would appear that this was not the only cause 
or always the cause. Thus, with small charges, a partic- 
idar powder containing no sulpliur was found to exert 
very little erosive action as compared with ordinary can- 
non powder; but another powder containing the maxi- 
mum proportion of sulphur tried (15 percent) was found 
equal to it under these conditions and exerted very de- 
cidedly less erosive action than it, when larger charges 
were reached. 

This points to another cause, viz., that the erosion may 
ibe due to the flow of gases over the surface of the bore, 
these gases being highly heated and moving with a great 
ivelocity. As it has been found that the surfaces of the 
gun in contact with the charge are, at the moment of 
explosion, in a sUite of fusion, it can readily be under- 
stood how part of the surface may be scored off by this 
rapid flow of highly heated gas. This view is supported 
by experiments which I have made with gun-cotton on 
iron plates in which, under certain conditions, it has been 
found that the products of the explosion have exerted a 
Biarked eroding and puncturing effect. As there is no 
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sulphur in this explosive, it Ls evident that this elemei 
played no part in producing the last described results. 

The erosive action of the aame powder, under the samej 
temperature and pressure, will probably also be found 
vary with the material of which the gun is composedt 
The more easily fusible the metal ia. and the more readily 
it will combine with sulphur under the conditions which 
obt«in, the greater will the erosion become. With the 
powder in use it baa been found that the erosion could 
be diminished, tliough not complet-ely prevented, by 
suppression of the wiudage. 

The gunpowder which gives the least erosion 13 thati 
one which produces the largest quantity of gas while d) 
veloping the least heat. With the same temperature 
explosion, to avoid serious erosion, the pressure shouli 
be kept as low as possible. 

The falling oS in initial velocity, which has been ol 
served ui powdoi-s which have been stored for some tinu 
has been attributed to an increase in moisture, but, froift] 
some observations which I* have made, I have beea] 
led to conclude that this is due to the chemical changi 
taking place within the powder owing to the presence of 
both moisture and air. I assume that the charcoal 
condenses the oxygen of the air in its pores, that this 
oxygen then osydizes the S to SOj, which by furthi 
union with the moisture and oxygen forms HaSO^, thi 
this then decomposes the KXO3, forming K2SO4 and HNO„ 
and that this oxidation then proceeds again, the rapidity 
being increased with time. The presence of this inert 
K2SO4 must serve to retard the velocity of combustion. 
I have found this substance present in certain samples 
of powder, which had been subjected to an osddizing 
agent, and I notice that Berthelot, and others, report 

•Proo. Nav. Itnt. e, 331-336; 1883. 
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tresence of this body in considerable quantity in deter- 
iorated powders, ftlthough they have, as I have said, at- 
iributed the falling off in velocity to moisture. 

We will now consider the chemical changes taking 
■place during the explosion of gunpowder: 

In the explosion of gunpowder, the oxygen of the nitre 
inverts the carbon of the charcoal chiefly into COj, part 
'■^ which assumes the gaseous state, whilst the remainder 
ifl converted into K^COj. The greater part of the sulphur 
fa converted into K2SO4. The chief piirt of the nitrogen 
icontained in the nitre is evolved in the uncombined state. 
'The rough chemical account of the explosion of gunpow- 
der, therefore, is that the mixture of nitre, sulphur and 
charcoal is resolved into a mixture of potassium carbon- 
ate, potassium sulphate, carbon dioxide, and nitrogen, 
the two last being gases, the elastic force of which, when 
expanded by the heat of the combustionj accounts for 
the mechanical effects of the explosion. 

But, in addition to these, several other substances are 
iound among the products of the explosion. Thus, the 
presence of KjS may be recognized by the smell of hy- 
idrogen sulphide pojduced on moistening the solid resi- 
due in the barrel of a gun, and H^S itself may be pei^ 
'ceived in the gases produced hy the explosion, the hydro- 
gen being derived from the charcoal. A Uttle CHj is 
also found among the gases, being produced by the de- 
composition of the charcoal, a portion of the hydrogen of 
which is also disengaged in the free state. CO is always 
detected among the product.'*. It is evident that the col- 
iction for analysis of the products of explosion must he 
.ttended with some trouble, and that considerable differ^ 
ices are to be expected between the results obtained by 
'erent openitj^jrs, from the variation of the circum- 
mces under which the powder is fired and the products 
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follfcted. Wlit'ii the powtk-r is .slowly fired, a con.sidi 
aljle proportion of the nitrogen in the saltpetre is evoln 
in the form of nitrogen dioxide (NjOj). which it* not foui 
iimong the pr(Hluct!4 of the mpid explosion of powder. 

Some of the most recent experiments U])iiri the expi 
(*ion of gunpowder have Iieen made by Noble and Ab( 
vuider conditiona very Minilar to those which occur in 
practice, the powder having heen confined in a strong 
vcMsel of miid steel, in which the powder whh fired by 
electricity nu that the gti(*eoiis and solid produets of 
tile exploHJon remained within the vessel, and could be_ 
pubmitted to analysis. 

Three samples of ix>wder manufactured at Waltbw 
Abbey were thus examined. Their composition is statt 
in the following table: 

Nitre. 74.0.7 

Sulphur. Ul.OT 

, Charcoal, viz, Carbon, ]!i.l2 
Hydrogen, 0.42 
Oxygen, 1.4o 
Ash, (1.23 

Vater. 0.0.'. 

Potassium Sulphate, 0.0!* 

The <iuantities of gunpowder exploded in different € 
periments varied from 3J ozs. to 1 lb, 10 ozs., and I 
prefl«ures observed varied frtmi 1 ton to over 36 tons t 
the Bf^unre inch. 

The solid products were found almost entirely collect^ 
fit the bottom of the vessel, forming an exceedingly 1 
tiifim of a diirk olive greeu color, exceedingly deliquQl 
oeut, smelling strongly of hydrogen sulphide, and 
Hueotly also of itnunonia. In some instances the i 
residue was ob.sevved to become heated by exposure! 



V4.U-J 


73.55 


111.27 


10.02 


KI.SU 


11.36 


0.42 


0.49 


i.ao 


2.57 


U.2.3 


0.17 


1.11 


1.48 


0.15 


0.36 
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iur, from tlie nipid absorption of oxygen 


The tol 


owing H 


lable shows tin? prcipurlions of wlid and gaseous product.n | 


fumishtd by eacli powder, when 


the m 


io between the H 


Volume of the oharge and that of the containing 


space H 


was varied so thnt the niaxinuim 


[tressures iittiiined wt're H 


ttuse stated at the head of each column 




■ 


Ptbblf Povp.!oc. 


Law, 


rain. Ft 


.„.,„. ■ 


:fressurein tonapermi. tnt^h. 1.4 12.5 


i.e 


35.6 3. 


18.2 ■ 


Weight of Militl products 






■ 


from 100 parts pimder. 58.12 65.17 


57.23 


57.14 68.17 08.9 ■ 








H 


from 100 parW jKiwder, 43.88 43.83 


42.78 


42.86 41..'i3 41.911 H 


The permanent gases generate) 


by the e.xplosion were H 


found to occupy, at 0° C, and at ordinary atniosplieric pre.t- | 


iure, about 280 times the volume 


of the 


original powder. H 


The product* ol' exploi^ioii furnished 


by 1 grtimme of | 


powder, were: 












Rine. 


FllK. 




Puw,k.r. 


Lnrgi. r.r.lii. 




IPotassium Carbonate (KjCOg), 


.3238 


..3415 


.2861 


Sulphate (K-^^O*), 


.0710 


.0844 


.1252 


" Sulphide (KjS), 


.1042 


.0807 


.0999 


■ " Sulphocyanide{KCNS), 


.OUU 


.0013 


.0007 


Nitrate (KNO3), 


.001.3 


.0015 


.0009 


Ammonium Carbonate, 


.0005 


.0004 


.0003 


Sulphur, 


.0445 


.0400 


.0381 


Charcoal, 


.0008 


.0004 




Total solid products, 


^96 


.5592 


.6612 


Carbon dioxide (CO^), 


.2085 


.2680 


.2689 


" monoxide (CO). 


.0477 


.0422 


.0365 


Nitrogen (N), 


,1123 


.1117 


.1123 


Hydrogen Sulphide {US% 


.0111 


.0100 


.0101 


Marsh gas (CH,), 


.000(3 


.0008 


.0004 


■Hydrogen (H), 


.0006 


.0009 


.0007 


Wxygen, (0), 




.0002 


.0003 


H Total gaseous productSj 


^08 


.4297 


.4282 



From this table it appears that the solid residue of firedl 
gunpowder consists chiefly of potassium carbonate ai 
sulphate, with, usually, smaller proportions of potassim 
sulphide. The gases evolved are chiefly carbon dioxii 
and nitrogen, with a small quantity of carbon monoxid< 

The great variation in the proportions of potassium 
sulphate and sulphide, coupled with our knowledge of 
the mutual relations of these boflies at high temperatures, 
would support the belief that the sulphate is first pro- 
duced, and is partially converted into sulphide by sec- 
ondary reactions. 

The complex character of the decomposition, and its 
variation under different conditions, render it impossible 
to write a single general equation representing the ex- 
plosion of gunpowder; but in order to illustrate the 
method of calculating the force of fired powder in any 
given case, we may take the following equation as a sim- 
ple expression of the principal reaction : 
4KNO3+ C4+ S = K,COs+ K^0,4- 2N,+ 2C0,+ CO. 

The mechanical force exerted in explosion depends 
upon the production of a large volume of gas from a 
small volume of solid, the volume of the gas being in- 
creaaed by the expansive effect of the heat generated in 
the combustion of the charcoal and sulphur. To calculate 
the amount of this mechanical force, it is necessary to ascer- 
tain the volume of gaa which would be evolved by a given 
volume of powder, and the extent to which the gas would 
be expanded by the heat at the instant of explosion. 

It is calculated from the Table of Atomic Weights that 
4KNO3 = 101 X 4 = 404 grms. 
C^ = 12 X 4 = 48 " 



M 

daM 



= 32 X 1 = 32 
Gunpowder, 484 
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While from the equation we finil that this unit Hiuoiint 
of gunpowder yields two molecules of N, two molecules 
of CO2 and one molecule of CO. Remembering then that 
the molecular weight, In grams, of a substauce has a vol- 
ume of 22.32 liters at 0" and 76 cm., we have, 



Voluiue Id Ultn at 0° and 


TDera. 


2N, 


= 22.32 X 2 = 


44.64 


2C0, 


= 22.32 X 2 = 


44.64 


CO 


= 22.32 X 1 = 


22.32 
111.6 



Hence 484 grams of powder yield (in round numbers) 
112 liters of gas under normal conditions. 

To find the volume at the time of explosion, we have 
the heat of combustion, according to Abel and Noble, as 
714.5° C, and the specific heats of the products, which 
have also been determined by experiment. The total 
specific heats of the products of one gram of powder, or 
W.S, + W^Sa + etc., will be, 



then V : 






Weight. 


Speeiflc Hciit. 


Produol. 


K,CO, 


.28 


X .2162 = 


.0606 


K,SO, 


.36 


X .1901 = 


.0684 


N 


.12 


X .2438 = 


.0293 


COj 


.18 


X .216.3 = 


.0389 


CO 


.06 


X .2460 = 


.0147 






Total, 


.2118 


714.6 
.2118 


= 3373° ia the calorific 


intens 



112 



X 3646 
273 



1496 liters, 
1496 



or one gram of powder will yield /pV — 3.1 liters. 

In the ordinary charge of powder, one gram occupies 
3 of one cubic centimetre, but since, according to 
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Abel and Noble, the fused solid products occupy one- 
third of the volume of the original powder charge the 
3.1 liters of gas must occupy a voliune of 67 cm, hence 
the pressure developed will be, 

P' = -omr = s-^i^^^ cm., 

3ol632 
or — s^^ — = 4630 atmospheres, 

or taking the pressure of 1 ton (2240 lbs.) per square 
inch as being equivalent to 152.4 atmospheres, 

we have — '- — = 30.4 tons per square inch. 
152.4 

The experiments of Noble and Abel gave 280 volumes 
of gas at 0° from one volume of powder, instead of 213.14 
volumes, as required by the equation ; then 280 volumes 
would become 3640 volumes at the temperature of the 
explosion, and would exert a pressure of 5460 atmos- 
pheres in the space avaihible for the gas; this amounts 
to nearly 36 tons per square inch. 

Variations in the proportions of the ingredients of gun- 
powder have less effect upon the total energy of the 
powder than upon its rate of burning. Thus, a slow 
burning powder containing a large proportion of charcoal 
will exert the same pressure in a closed vessel as is ex- 
erted by standard powder. For, when the proportion of 
carbon is large, more of the oxygen of the nitre is con- 
verted into carbon monoxide and less into carbon dioxide; 
and a given quantity of oxygen, when converted into CO, 
gives twice as large a volume of gas as when converted 
into CO2. But the formation of CO2, from a given weight 
^f oxygen, developes 1.6 times as much heat as the for- 
mulation of CO does, so that the thermal value of a pow- 
^^r varies inversely as the volume of gas measured at 0**; 
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md the mnximum presRure produced by the explosion is 

^r\y the Siinie for powders differiiifj; grent.ly in coiiipo«i- 

laun. This is illu«trat(?d by the results of Noble and Abel : 



I'..wdBr. 


Sllrv. rh. S. 


viiln.-. 


niw ni a\ 


Miliar,- 


Mining, 


67 1!) 14 


5119 


3111) 


44 


Military, 


75 15 10 


714 


280 


43 



In calculating tlie pressure, it is supposed, of course, 
that the whole of the giia is evolved at once, and is im- 
mediately niised to the ssime temperature, conditions 
I never fulfilled in small amis or in cannon, where the com- 
ibustion of the charge is not instantaneous, but rapidly 
progressive; where the confining space is rapidly increased 
iby the movement of the projectile long before the whole 
f the chiirge bus exploded; and where the heated gas is 
loled by contact with the nietid of the piece. 
The calculation given above can be regarded only as an 
^lustration of the method, since there are several circum- 
stances which vitiate the conclusion arrived at. The chem- 
ical equation, on which it is based, is confessedly imperfect. 
We know little or nothing of the real conditions of the 
"oducts at the moment of the explosion; it is probably 
r different from that ,'ifter cooling, when we examine 
u. From what is known of the effect of heat upon 
irbon dioxide and carbon monoxide, it is almost certain 
t these gases are at least partially resolved into their 
iflements at the moment of explosion, and it is scarcely 
tely that the complex molecules of potassium sulphide 
1 carbonate would exist at so high a temperature. Any 
making up of these molecules would increase the ex- 
lansion, and render the above estimate of the force of 
I powder too low. 
If dissociation or temporary decomposition of the pro- 
iacts occurs as a result of the high temperature, the acts 
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of combination, which must take place during the expan- 
sion and consequent cooling, must be attended with evo- 
lution of heat, rendering the decrease of pressure more 
gradual than it would otherwise be. 

The actual rate of expansion of gases at so high a tem- 
perature is inferred from our experience of their behavior 
at comparatively low temperature, and there are some in- 
dications of a want of agreement under the two conditions. 
The experiments of Andrews have shown that, even at 
a pressure of 100 atmospheres, carbon dioxide exhibits 
striking deviations from the law that the pressure ex- 
erted by a gas is inversely as it its volume. 

Reference books, Cooke 8 Ordnance^ Simpson^s Ordr 
nance, Coble's and AbeVs Researches on Fired Gunr 
powder. Debus' Theory of Gunpowder, Naval Institute 
Proceedings, Noble s Lecture on HeaUAction of Ux- 
plosives, Bloxam's Chemistry. 



LECTURE V. 



DHLOKATES AND NITEO-SUBSTirtTTION 
COMPOUNDS. 
We have pointed out that NaNOs is substituted for 
SOj in the cheaper powders used in blasting, but we 
Pire not limited to these, for we can use other nitrates. 
Rich as the ammonium, barium or lead nitrates also, and 
fSndeed they have been used with considerable success. 
There is, however, a strong Objection to the lead nitrate, 
viz., that it produces poisonous fumes, and this is so com- 
mon a property that in countries such as England, where 
ihe government has sought by restrictive legislation to 
brotect its people from the dangers attendant on the use 
r misuse of explosives, this salt is peremptorily prohib- 
Bted for use in explosive mixtures. 

We owe to Berthollet the suggestion that the nitrates 

1 gunpowder mixtures might be replaced by chlorates, 

ind he experimentally demonstrated the advantages and 

'disadvantages which would result, aud his suggestion has 

been availed of in the preparation of many mixtures. 

But whilst the substitution of other nitrates for potas- 
lium nitrate in gunpowder is chiefly resorted to in order 
> reduce either the cost of the mixture or the brusque- 
teas of its action, the chlorates or perchlorates are em- 
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ployed in order to produce a more powerful explosive.^" 


On compiiring the percentage compositions of these salts 




with the nitnites, thus. 








KCIO, 


KCIO, 


KNO, 


NsNO, 


NH,NO, 


1 


K 


31.8B 


28.21 


38.67 








Na 








27,06 








CI 


28.96 


26.47 












N 






13.85 


16.46 


35.00 






H 










5.00 









89.1.5 


46.32 


47.48 


.56.48 


60.00 






100.00 


100.00 


100.00 


100.00 


100.00 




we find that they contain less oxvgen than the nitraf«8 




and hence appear to be poorer oxidizing agents tlian the 


latter, liut this difference becomes lews apparent, if we 


remember that the chlorates yield all their oxvgen con- 


tents, while with the nitrates, after decomposition, a por- 


tion of the oxygen still remainB attached to the niet«Hic 




radicle. The available oxygen is shown in the next table 








KCIO, 


KCIO, 


KNO, 


NaNO. 


NH,NO, 




KCl 


60.85 


53.68 











K,0 






48.03 










Na,0 








36.47 








H,0 










45.00 






N 






17.41 


15.47 


35.00 









39.1.5 


46.82 


39.50 


47.06 


20.00 




k 


^^ ^ 
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Besiflea this the chlorate is decomposed at n compani- 

(ively low temperature (352° C), while oxygen is not 

ivolved from KNO3 until a red hent is reached, and too the 

iOmbustiun of bodies in contact with the chlorates results 

t the rapid development of a very hijfh temperature. 

According to Berthelot, a powder in which the nitre is 

leplaced by an equivalent quantity of chlorate should 

ive a heat of combustion greater by one-hnlf than that 

of the gunpowder and, sliould possess double the force. 

The chlorate mixtures are very sensitive to friction and 

tercussion, and they explode with great sharpness. The 

xtreme facility with which they explode under a blow 

fCBults from the low temperature at whicli decomposition 

egins, and from the high temperature which ensues 

Urn the combustion of the particles struck, and which 

Kats the neighboring particles up to the temperature of 

scomposition. From the character of the explosive 

henomena we conclude that the products of the com- 

tstion are very simple and stable binary compounds. 

he reaction may be represented by the equation, 

SKClOg 4- 2S + 5C = 3KC1 + 2S0, + 5C0, 

^hich corresponds fairly well to a powder having the 

nposition of 

KCIC),, 75.00 
S, 12.50 

C. 12.50 

I The chlorate powders possess the disadvantage of erod- 
■ the walls of the gun in which they are fired, while 
he chlorine, sometimes liberated after firing, is very del- 
irious to those who are exposed to its action. The 
anufacturu and handling is also attended with consider- 
lile danger. Besides, these powders are rather costly. 
L These disadvantages are not, as a rule, compensated 
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for by the superior explosive power of the mixtures,. but 
they are usefully employed in certain special applica- 
tions, as, viz. : in the manufacture of fulniiuating primers 
and percussion cape. 

The number of chlorate powders, which have been 
proposed, is quite large. Among these are the following; 
Kellow and Short's {1866) Safety Powder — 

Potassium chlorate, 12 6 10 

Sodium nitrate, 30 30 10 

Potassium nitrate, 8 4 20 

Sulphur, 10 10 

Tan bark and sawdust, 46 50 46 

The salts are dissolved in water and mixed with the' 
tan and sawdust ; the sulphur is then added and the mass 
dried. This preparation simply deflagrated with some 
difficulty when set fire to in the open air; but when 
tamped in the ordinary way it competed very fairly with 
ordinary powder. Preparations of a nature almost iden- 
tical with it have been brought forward under the names 
Pyrolythe and Pudlorythe. 
Knaffle's Powder — 

Potassium chlorate, 46 

" nitrate, 26 J 

Sulphur, 15 H 

Ammonium ulmate, 10 ^ 

The last salt is obtained by dissolving ammonia in 
ulmic acid, the acid being produced by heating grape 
sugar with potassium hydroxide. The substances are 
powdered separately, mixed with a mucilaginous gum 
and reduced to the state of a paste, which is then gran- 
ulated and dried with great care. It explodes violently 
under friction or blows. 
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Spence's Powder — 




. „ 




Potasaium chlorate. 


20""" 


"in 


11) 10 


" nitrate, 






0.25 


Hydrogen sodium carbonjite, 


3 to 4 


3 to 4 


.... 0.75 


Sawdust, 


7 


3.6 




Cliarcoal, 


2 


1 


2t<is i.ii 


Coal. 


2 


U.75 


1 1.26 


Wheat flour, 






2 2.5 



The substances are treated with water and boiled, then 
dried by steam and granulated. The hydrogen sodium 
carbonate is replaced sometimes by i)ota8.sium or lead 
•nitrates. 
.Ehrhardt'a {1865} Powder- 



Potassium chlorate, 111 

" nitrate, 1 . . 1 

Charcoal, ..., , . 4 

Tannic acid, 112 

Sharp and Smith's (1866) Powder- 
Potassium chlorate, 2 
" nitrate, 2 
" ferrocyanide, 2 
" hydrogen tartrate, 1 
Sulphur, 1 
Some other comparatively safe applications have been 
made of pota.ssium chlorate to the preparation of ex- 
plosive agents for raining purposes, by only partly re- 
placing saltpetre with it in mixtures, either of similar 
composition to ordinary gunpowder, or containing sul- 
iphides in addition to free sulphur. A substance called 
STutonite, for which special advantages as a blasting agent 
have been claimed, appears to belong to this class of 
ireparations. It possesses the peculiarity of being made 




10.5 


15.V5 


1.5 


2.25 


44.5 


65.60 


6.6 


10.00 


19.5 


4.V5 


15.5 


9.60 
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up in tlie form of somewhat hard pellets or (Uses, in^teat 
of being ill the granulated or pulverulent form. 
NisserV Powders — 

Niaser patented in 1870 a mixture consisting of 55 t 
60 parts of potas-sium chlonite and 45 t« 55 of 
with a little potnssium ferrocyanide. 

Two mixtures proposed in 1866 eontjiin 

Potassium chlorate or perchlorate, 
" ferro or ferricj'anide, 

" or sodium nitrate, 

Vegetable mutter. 

CoaK 

Sulphur, 
Turpin's Powder — 

PotaaBium t'hlorate. 

Gas tar coutjiining from 1 to 10% of an absorp- 
tion substance such as infusorial earth, JO 

One part of the chlorate can be replaced by perman- 
ganate. 

An explosive recently patented in England by Dr. C- 
W. Siemens is a mixture of saltpetre, chlorate of potash 
and a solid hydrocarbon, and is considered suitable both 
for mining purposes and firearms. If ignited in the open 
air, the combu!:ition takes place slowly and imperfectly, 
and therefore without danger. The incorporation of the 
ingredients is by preference effected as follows: 

The saltpetre, cldorate of potash and hydrocarbon (for 
which may be taken parathue, aspbaltum, pitch, caout- 
chouc, gutta-percha, etc.) are mixed together in pulveru- 
lent form by jiassing through sieves or otherwise, and 
the mixture is then treated with a liquid volatile hydro- 
carbon, which acts as a solvent to the solid liydrocarbon, 
A plastic mass is thus produced, which is then fonned 



Bt« cakes or sheets by piissing tlirough TOllers or otliei-- 
wise, and which i« rendered hard hy evaporating the 
liquid solvent used, the sheets or cakea so produced being 
hen converted into grains or pieces of any desired size, 
I the same manner as orfHiiary gunpowder. According 
to the inventor, this new mixture, which has about the 
lame density as ortUnary gunpowder, and is very hard, 
possesses with equal volume more than double tlie explo- 
rive force of the latter. The intensity of explosion can 
regulated at will by varying the proportions of the 
iogredients and the size of the gmnules. These prupor- 
jtions should, generiilly speaking, be such that for each 
Volume of the hydrocarbon, when converted into a gas- 
eous atntc, there shall be present in the other ingredients 
fliree volumes of oxygen. 
Melland's Paper Powder — 

The following iiiLvture is boiled for one hour in 7& 
arts of water: 

Potassium chlorate, 9 
*' nitrate, 4.5 

" ferrocyauide, 3.25 

" ehromate, -^ 

Charcoal, 3.25 

Starch, 2'^ 

IStrips of porous paper are then dipped in the liquor, 
■oiled into the fonn of cartridges and dried at lOU" C. 
ipo prevent their absorbing moisture they are given a 
watiug with a solution formed by dissolving 1 part of 
yloidine in 3 parts of acetic acid (density 1.04). 

Thia paper is cheap, easy to make and fairly safe. It 
loes not give off much smoke or leave much residue, nor 
[oes it erode the piece in which it is fired, while it is more 
lOwerful than gunpowder. 



The composition known as Powder Gas appears to be 
a modification of Melland's powder. 

Abel* states that a similar paper powder was devised 
by the Messrs. Hochstader in 1860, and subsequently re- 
produced with sUght modification by M. Reichen and that 
it was violently explosive when confined, but resisted de- 
tonation to a very high degree when submitted to pei^ 
cussion or friction. 

tSandoy'fl Pyronome and tPetry's Dynnmogen are 
Bomewhat similar "paper" powders. 
White Powders of Augendre and Pohl (1849) — 

These are also known as German or American White 
Powders. 

Augendre's originiil mixture was j 

Potassium chlorate, 50 I 

" ferrocyanide, 25 1 

Cane sugar, 25 

The substances were moistened, mixed in bronze mo]> i 

tars, granulated and dried, ] 

Pohl, who submitted Augendre's powder to many J 

trials, modified the composition as follows: J 

Potassium chlorate, 49 I 

" ferrocyanide, 28 1 

Cane sugar, 23 1 

being in the proportion of 3 equivalents of the chlorate ] 

to one of each of the others. ] 

Pohl's statements as to the composition of the products I 

of combustion may be represented as follows: I 

6KCIO3 + K^FeC^Ne + C^^U^O,, = 
Na+ 6C0 + 6C0, + llHaO -j- 6KCI + 4KCN -j- FeC, I 
From his calculations 100 grams of powder give 52.56 I 



frams of solitl products and 47.44 grama of gas, which 
has a volume at 0° and 76 era of 4IIG80 cm and iit the 
tenipernture of coiuhustion (vahied iit 2604. o'C) a vol- 
ume of 431162 cm. 

The conclusious which Pohl haw arrived at, hut whicli 
lave never heen veiified, are all in favor of the White 
Powder. Sixty parts by weight, or 77.4 by volume, are 
quivaleiit to 100 partw of gunpowder, and they give but 
l.So partj^ of «otid renidne, where 100 parts of gunpow- 
der, according to Bunaen and .Schiscbkoff, give 68 parts, 
Secides, the temperature of the resulting gas is not so 
ligh for the white powder as for gunpowder, and hence 
I gi-eater number of shots may be fired without heating 
the piece excessively. The ratio of this temperature to 
iliat of au equal weight of gunpowder is as .779 : 1. The 
Mtimation of the temperature is based on the hypothesis 
jeld as to the nature of the reaction and on the calcu- 
Bted temperature of the reaction, neither of which have 
»een demonstrated exactly. If the process goes on pre- 
risely as Pohl believes, it is difficult to explain the ero- 
ave action of this powder upon guns from which it is fired. 
Augendre and Fold claimed other advantages for this 
owder, viz.. it keeps perfectly in free air, inflames easily 
in contact with a spark, can he employed without being 
[Tnnulatvd, is simple to nninufacture and is not very 
[ear. According to Pohl, the manipulation of this pow- 
ier presents absolutely no danger if the substances are 
lUre and contain neither snlphur or carbon, and they 
ennot be exploded by a blow of iron on iron or by 
fiction. 

Experience does not confirm these assertions. Seveml 
DfitaJiees of explosions are known to have taken place 
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bottle filled with the powder has exploded when exposed 
to the sun in summer. According to Hudson, this pow- 
der mav be exploded bv the blow of a hammer on a 
l)lock or stone, and it becomes more sensitive when 
the materials have been tritunited in the moist state, 
owing, undoubtedly, to the more intimate and uniform 
mixture which is thus obtained. 

It has not then been demonstrated that the manufac- 
ture of the white |)owder is exempt from danger, but, on 
the other hand, it has not been subjected to careful and 
searching trml. Zaliwsky pix)posed (in 1870) a mix- 
ture of i)otassium chlorate with oxalic acid, to which ia 
to be added sulphur, carbon and analogous substances. 
This suggestion is worthy of trial. 

If the undoubted dangers, which exist in the use of 
white powder, were overcome, still the erosive action 
w hich it exerts on the gun would tend to proscribe it for 
this use. 

Uchatius has shown, by the aid of his eprouvette, that 
white i)owder is eminently brisante. From a ballistic 
point of view .(193 grams of this powder are equivalent 
to 1.82 grams of Austrian cannon powder — that is, the 
two charges communicate the same initial velocity to 
projectiles of the same weight, but the pressure exert^ 
on the bottom of eprouvette? were 839 atmospheres for 
white and 458 atmospheres for the black. 

As the erosive action of the powder is most marked on 
cast iron and steel ginis, it was proposed to confine its 
use to bronze guns and to the charging of shells, for 
which it seemed especially appropriate. According to 
Hudson, they place glass bulbs filled with concentrated 
sulphuric acid in the shell together with the white pow- 
der, and the shock of impact, when the shell strikes the 
object to be destroyed, suffices to break the bulb and pro- 
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voke the inflammation of the powder in contact with the 
acid. The method of exploding certain contact torpe- 
does is based on the same principle ; the charge is com- 
posed of black powder, and this is fired by means of sul- 
phuric acid and white powder. 

A practical application was made of this powder by 
Shaw when building the piers at League Island. He ar- 
ranged his pile-driver so that as the hammer fell it ex- 
ploded a cartridge of this powder, and this explosion not 
only .drove in the pile, but forced the hammer back again. 
The work was thus greatly accelerated. 

A white powder similar to that of Pohl's has been 
known in England under the name of Reveley*s powder. 

Hafenegger's Powders — 

Hafenegger has patented in England 6 species of pow- 
der analogous to Augendre's. 

Potiissium chlorate, 9 2 4 4 1 11 

" ferrocyanide, 1 1 

Sulphur, 0.25 0.25 .... 0^25 

Charcoal, 0.25 0.25 0.25 0.25 

•Sugar, 114 1 

Kahn's Pow^der — 

Potassium chlorate, 367.5 

Antimony sulphide, 168.3 
Charcoal, 18 

SpeiTfiaceti, 46 

The three last substances are mixed together, and the 
chlorate is added at the moment when the powder is to 
l)e used. 

Horsley's Powder — 

Potassium chlorate, 9 
Nutgalls pulverized, 3 
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The mixtnrc is not granulated, The tests of this poilj 
(ler in Austriii for use in muskets were not siitisfactory.'^ 
Calloit's Powder — 

This is a bliisting powder conhuning potassium cfaH 
rate mixed with orpiment (arsenic triwulphide), 
Orientfi! Powder — 

This consists of potassium clilorate and gambier. 
Pertuiset's Powder — 

This consists of potassium chlonitt- and suljjhur. aud | 
used in exploftive bullets. 

The development of these chlorate mixtures has bed 
retanled. if not prevented, by the excellent results whidj 
have been attained with the very powerful expiosivij 
compounds. 

The explosive substances, thus far treated of, haw 
been produced by mixincr together combustible mattf 
and oxidizing salts. The next step in the development I 
explosive substances is reached when, by chemical mei 
we introduce our o.xidizing agent into a chemical md 
cule which is eonrposed chiefly of atoms which haven 
Strang iiffiuity for oxygen and fomi with it, under wiitT 
ble circumstances, very stable and permanent subsianct 
It is evident that by this means a greater degree of iafl 
macy is attained. 

This combination with hydrocarbon groups may : 
effected through the agency of the oxides of nitrogd 
and it may result in the formation of two classes of coi 
pounds, viz., niti-osubstitution compounds, in which 
nitrogen oxide is directly attached to the carbon atonj 
and nitric ethers or esters, in which the nitn)gen oxide" 
connected to the carbon atoms through the interpositlfl 
of oxygen atoms. 



One of the best examples of the fiit^t cIobh \h picric acid, 
wliieli was (IiM-oveied by Hiiusiiiiiim in 17S8. He iiuulw 
it by acting on indigo with nitric acid. In IT'Jo, Welter 
Jjrepared it by acting on siik with nitric acid. Stenhouse 
found an abundant source of it in tbe"Xunthon'h(ea sax- 
tilis," which was imported in eon-siderable quantities from 
Botany Bay. But the cheapest and best souree is from 
the action of nitric acid on phenol or "carbolic acid," 

hich is itself produced from coal tar. Since thiw souree 
iws been diiscovered picric acid has become nn important 
article of commerce and forms one of the cheapest and 
^ost brilliant of yellow dyes. 

Laurent was the first to point out that picric acid could 
he derived from phenol, and that its formula should be 
:CoH^(N02)gOH, the reaction for its formation being 

CsIV)n -f- SHNOg = CeHa(NO^),OH + BK/i. 

It is a nitro-substifution pi-oduct. It may he prepared 
Experimentally by putting two teasjioonfuls of fuming 
nitric acid in a gla.ss Hawk of loO cm. capacity and adding 
cautiously, and in small portion?*, half a teaspoonful of 
«rj-stullizcd phenol. The reaction is^very violent and h 
attended with the copious development of nitrous fumes. 
■"When the action has subsided and the flask is cold, yel- 
low crystals of picric acid will be found in the liquid. 

It is made, commercially, by melting carbolic acid 
and mixing it witb sti-ong sulphuric acid, then diluting 
the Bulpho-carbolic (or "phenol-sulphuric") acid with 
iWatcr, and afterwards iiinning it slowly into a stone tank 
containing nitric acid. The mixture is allowed to cool, 
vhen the crude picric acid crystallizes out, the acid liq- 
uid (which contains practically no picric acid, but only 
Biilphuric with some nitric acid) being poured down the 
drains. The crude picric acid, after being drained, is 
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transferrerl to the "boiling wtonew," where it is diijao1veil| 
in witter hy the iiid of rteiun and afterwiinls allowed 
cool, when most of the picric acid crj-stjillizes out. The I 
^-mother liquor" is then trimsferred to the preclpitiLtiiig I 
ttink, in which the picric acid wtill left in solution is pre- 1 
cipitnted by the itddition of sulphuric iicid. The picrio I 
acid left in the "boiling stones" is once more dissolved I 
ill hot water and this second solution transferred to the | 
crystallizing tank, where it is left to cool and where the I 
picric acid crystallizes. Thene tanks generally contain I 
about 130 lbs. of picric acid. 

Finally, the piciic acid, after draining in the tank, isj 
transferred to a centifugal machine to remove the excess! 
of moisture, and then dried on glazed earthen-ware traysl 
in a stoam-heattid stove in which the temperature isl 
not allowed to rise above 100' F. 

According to Hill ami Ahcl, picric acid does not ex-J 
plode, but, when heated, it burns shai-ply and quickly! 
with a bright flame. Desortiaux states, that when beatedl 
slowly it vaporizes without undergoing any decomposi-J 
tion, but, when heated brusquely to a temperature a lit-! 
tie above 300% it explodes with violence. The explo- 
siveness of picric acid has recently attracted notice,! 
owing to an accidental explosion which occurred at Bob 
erts, Dale & Co.'s Chemical works, near Manchester, Eng,^S 
June 22, 1877. The explosion was a very severe oneJ 
the local effect being as great as that produced by thai 
explosion of 13J tons of gun-cotton in the great StoW'** 
market explosion of August 11, 1871, and more markedi 
and widely extended than in the case of the explosion c 
five tons of gunpowder in the Regent's Park explosiod 
of 1874. 

Inquiry showed that the company were large mauufnoi 
tures of picric acid and other chemical compounds, and! 



lat before the explosion tliere was from 13 to 15 cwt. of 
^(•ric acid on hand at the puint of explosion, pivrt of it be- 
ing wet, and Colonel Majendie* in of the opinion that this, 
in conjunction with some of the nietiilHc nitrates prcHent 
Was exploded, and that the explosion originat^'d by fire. 

In the course of tins inquiry great differences of opin- 
011 were found to exist as to the explosiveness of picric 
icid, the books stating it to be explosive by heat, while 
Jie various manufaeturern claimed that it conld not be 
Sxploded in this way even in large nmnses, and they sup- 
ortcd their claim by citing instances where as many as 
ive or six hundredweight, packed in bulk in a dry cask 
f light wood, and exposed to fire bad burned away with- 
mt explosion. The experiments made on this point 
)y Sir F. Abel, Dr. Diipre' and Col. Majendie gave re- 
ults which nupporterl the views of the manufacturers, 
jet Col. Majendie is not prepared to go so far as to as- 
lert that under no circumstiinces can uiiconfined picric 
icid be exploded by the action of fire. 

There exists no doubt, however, that picric acid is 
iable to be exploded by detonation or by a blow, and 
that the picrates and the mixtures of picric acid, with ox- 
idizing agent«, are highly explosive. So far back as 
1873 Sprengel remarked that "picric acid alone contains 
iiflicient amount of available oxygen to render it, 
ritbout the help of foreign oxidizers, a powerful explo- 
Bve when fired with a detonator. Its explosion is almost 
unaccompanied by smoke. "t 

Apart irom this inquiry, the detonation of picric acid 
tlBs recently attracted interest from the alleged use of 
Ills substance by the Fremdi government in a particular 
lused and consolidated condition, as an explosive, under 
he name of Melinite, and an English patent (No. 15,089, 

''tteport U. M. Tnni-rrliin nf Sr/iloilveM HFo SI, Aug. IS; IIS7. 
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Dec. 8, 1885) has been taken out by Mr. A. M. Clark on 
behalf of M. Eugene Turpin of France, which claims the 
ein|)loynient "as an explosive agent for military or other 
uses of the trinitrophenol, or picric acid, of commerce, 
unmixed with any oxidizing substance," by the use of a 
powerful fulminate detonator, or by the use of an intei^ 
in(;diate priming of picric acid in powder, primed by the 
fulminate, or by dispensing with the fulminate and em- 
ploying a sufficiently hirge charge of ordinary quick- 
burning ))o\vder enclosed in a strong tube and made to 
burst inside the charge of i)icric acid. 

The explosiveness of picric acid, by detonation and by 
a blow, was also experimentally studied by the gentle- 
men above mentioned, and they find, 1st. That dry picric 
acid may be perfectly detonated by means of a 5-grain 
fulminate detonator. 2n(l. That the detonation of a 
small (juantity of dry picric acid is capable of detonating 
a (juantity of picric acid ])laced at a short distance from 
it; and od. That the detonation of picric acid containing, 
at any rate, as much as about 17 percent of water may 
be effected by detonating a charge of dry picric acid 
alongside* it. 

The experiments on the effect of blows showed that, 
when thinly spread, dry, powdered, cold picric acid will 
be exploded by a weight of 54 lbs. falling 20 feet, and 
may be by a weight of 1 lb. falling 26 inches. The sen- 
sitiveness greatly increases with wanning, so that, when 
near its melting i)oint (say 240° F), a weight of 1 lb. fall- 
ing 14 inches will explode it. It was easily exploded in 
this state by the blow of a light hammer (14J ozs. with 
handle) on an anvil. 

Berthelot* has also recently studied this subject, and 
he confinns the statement of Desortiaux and finds the 

•Compits RcHdm. 105, i/.W, 1887. 
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Hune properties to obtain for the nitro^^enzeneS^oi^^ 
nnptliJileiies aud the like, and he concludes: "Should a 
nitro-compound. such as piciic acid, while burning in 
Jarge masses, happen to beat the sides of the containing 
icloiture to a degree sufficient to imluce incipient defla- 
gration, the deflagration might combine to further iu- 
creaiio the temperature of the enclosure, and the phe- 
nomenon might, oceasionally, be transformed into a det- 
tmation. It would even suffice that the detonation should 
iccur in an isolated point, either during a fire, or owing 
» the local overheating of a boiler or apparatus, to 
jBnable it t« originate tlie explosive wave and propagate 
[tself by influence throughout the whole mass, causing a 
;eiieral explosion. 

A large number of the compounds called picrates are 
3lown,but the potiissium and ammonium picrates are tlie 
oly ones that have been much used in explosive prep- 
rations. They arc all, except the ammonium picrate, 
eadily exploded with more or lees violeuce by heat or 
low». 

This is partially explained by inspection of the follow- 
ig table, which whows that they all contain sufficient 
cygcn to convert the carbon and hydrogen conteuti^ of 
le phenyl group into carbon monoxide and water. But 
ley vary in the amounts of oxygen required for com- 
,ete combustion, according to the amount of oxygen re- 
ined by the metallic radical. According to this view, 
tice the H of the NH, consumes the most oxygen, the 
nnionium salt is the least sensitive, while the anhydrous 
irium salt is the most sensitive and powerful of any 
! those in the table. But this last body, in the crystal- 
le state, contains water of crystallization, and hence falls 
[low the potassium salt. We should infer that salts of 
ixidizable metiUs or univalent ones of high atomic 
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weights, if anhydrous and permanent, would be very 
sensitive and powerful. 

Oxygen Required to Oxidize Picric Acid and the Picrates. 



(1) Oxyjjeii required for (combustion of all contained C to CO and of 

the phenyl II to IIjO. 

(2) 0xy|j:en required for oxidation of the biOsic radical, the 11 of the XH 

Immiij; suiq)osed burned to ll.j.0. 
(8) Total oxyjjeii required. 

Owing to the fact that the cont^iined oxygen is iiisu 
cieiit for combustion, mixtures with various oxidizi 
agents have been pro])osed. Thus, 

Borlinetto (1867) recommended for bhisting powder — 

Picric acid. 10 

Sodium nitrate, 10 

Potassium chlorate, 8.5 

This formed a quite sensitive powder. 

Potassium picrate, C6lI.^(N()3)20K, is one of the m 
violently explosive of the picrates. It is made byniixi 
warm potassium carbonate with a boiling solution 
l)icric acid in water. On cooling, the liquid depos 
small crvstalline needles of a t»:olden yellow color wbL 
show ureen and red colors bv reflected \iiA\t, 



Ammoitliim. 


Acid. 


Calcluiu. 


SiMliuin. 


Potamitini. 


Harium. ■ 

1 


C 


29.27 


31.44 


29.03 


28.68 


26.96 


24.28 i 


H 


2.44 


1.31 


.80 


.80 


.75 


.68 


N 


15.73 


18.34 


16.94 


16.74 


15.73 


14.17 


' 


45.53 


48.91 


45.16 


44.62 


41.95 


37.77 


1 


45.51 


48.88 


45.11 


44.64 ' 


41.95 


87.81 


2 


13.04 
58.55 


3.52 


3.23 
48.34 


3.23 


2.98 


2.70 


; 3 


52.40 


47.87 


44.93 


40.51 

1 
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i When mixed with oxidizing agents, and especially po- 
W*»iuru chlorate, its explosive properties are very much 
Bcrciised. Indeed, this mixture, with potassium ehlo- 
■ate, approaches very nearly to nitn)glycerine and gun- 
wtton in violence, but it is so sensitive U) friction, per- 
tiisfion and shocks a« to be practically useless. Mixtures 
lontaining potassium picrate have been made the subject 
if experiment, especially in Paris where the so-called 
'Picric Powder" was prepared and experimented with 
ipon n con(»idi;rable scale. 

One of the.se, Fontaine's Powder, composed of potas- 
iom picrate and chlorate, was intended exclusively for 
barging shells and torpedoes, but it was very dangerous 
) manipulate, and a fearful accident which occurred in 
Inris in 1869 during its use led to its being abandoned, 
lomparntive experiments between this mixture and gun- 
jowder as bursting charges fur shell were made in Eng- 
and. When a shell weighing 16 lbs.. 1 oz., filled with 
owder, was burst, all the fragments were readily recov- 
ered; they amounted to eighteen, including the plug of 
he shell, and of these, twelve weighed above 8 oz. and 
nder 2 lbs., and only one fragment weighed less than 

oz. Upon bursting a shell of the same kind and weight, 
Hied with a mixture of potjissiuin chlorate and potassium 
picrate, 100 fragments were recovered, and these weighed 
^together less than 2 lbs., 6 ozs., nearly 14 lbs. of the 
hell hove been dispersed in fragments too minute to be 
iollected individually. Only one of the fragments 
Weighed more than 8 ozs., and ninety-three weighed less 
iian 1 oz. It need scarcely be stated that such a disin- 
tegration of the shell would be far too considerable to 
»nder the latter of value as a destructive missile, but 
iie results showed that a small proportion in weight of 
ifliis potassium picrate powder, if it could be used in 
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shells, would suffice to produce the desired breaking up 
of the shell and \Tiolent scattering of the fragments, and 
that, therefore, the thickness of metal of the shell, and 
its consequent destructive power, might be very consid- 
erablv increased. The chilled iron or Palliser shells, 
which, being of considerable thickness, hold comparatively 
small charges of powder, would obviously be rendered 
much more destructive, as shells, by substituting for the 
powder charges an explosive agent even considerably less 
violent in its action than theone just cited as an example. 
In 18(59, DesignoUe made at Bouchet three varieties 
of powder consisting of mixtures of potjissium picrateand 
nitrate, with or without the addition of charcoal. Their 
compositions were as follows: 
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These powders were made in the mill by ordinary gun- 
powder ])rocesses, from 6 to 14 percent of water being 
used and the trituration being 3 hours for torpedo pow- 
der, 9 hours for cannon, and 6 hours for musket. They 
were granulated as usual. 

The torpedo and shell powder were tried at Brest and 
Toulon and gave excellent results. According to Roux 
and Sarrau, the heat of the combustion of the 55 percent 
mixture will be 916^*^^* and of the 50 percent 1180^^' and 
the temperature of combustion of the second powder will 
be equally increased. The cannon and musket powders 
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■ere noticeable for their greiit unlfoimity of antion, the 
PTariittion^ in the initial velocitie;* of the projectile being 
Jlot more than 2 meters. According to Jouglet, 60 grams 
f Destgiiolle powder produced the snme result as 300 
grani!* of ordinary powder, while the force of these 
" mixtures could be varied hotween quit^e wide limits, ac- 
cording to the percent of picnite which they contjiined. 
In spite of their superior ballistic properties, Designolle'a 
lowders appear to be less brisant than black powder. 
Besides, they give scarcely any fumes while burning, and 
hey du not erode the piece in which they are tired. 
Finally, the picratea constitute a series of crystalline 
lodies of definite composition and known reactions, and 
here is no reason to apprehend that ".spontaneous" de- 
omposition may take place with them, as it sometimes 
oes with nitro-glycerine and the other nitric esters. 

Ajimionium picrate, C(H;.{NOj,)gONIl4. is prepared by 
laiuniting warm picric acid with concentrated ammonia 
water. When neutralization is complete another charge 
■f picric acid is dissolved in the siune liquid and ammonia 
Bgain added. This is repeated several times, and the 
liquid allowed to stand, when the salt crystallizes out in 
Transparent orange colored prisms. It may also be ob- 
aiined crystallized in beautiful citron-yellow needles by 
seating picric acid with ammonium carbonate. 
According to Hill* and Abelt, if flame is applied to 
ibis salt it burns quietly with a strong smoky flame. If 
ieat«d, it melts, sublimes and burns without any ten- 
ancy to explosion. It is almost entirely unaffected by 
jblows or friction. According to De8ortiaux:|:, it explodes 
irben heated to about 310° C, hut, if heated in free air to 
|t temperature below 300° C, it fuses and hums with a 

r4 on Ktplotiiva, f/. BD. BafiUiii; 18TB, 
E*7%f KMtml EMuri/ ;f Ej/J-fli-r A'joJt, p. «. 
t XTrallt^ rar la fouttrr i, 740: 1878. 



Wautiful fuliginouM flame, and its explosion by a blow \ 
can be effected only with great difficulty. 

Brugere in France and Abel in England simultaneously I 
jiroi>08cd powders formed of mixtures of ammonium pio- J 
rate and potassium nitrate for use in firearms and, es^l 
pecinlly, in shells. These mixtures require very power* I 
ful blows til develop slight and partial explosion, nnd I 
they exhibit no tendency to ignition when subjected to I 
very severe friction. 

Brugere's Powder (1869) is composed of 
Ammonium picrate, 54 
Potassium nitrate, 46 

Heated to SIO'C it burns with one-half the velocity of | 
ordinary powder. Its force is not less than twice or I 
three times that of black powder. It is only slightly I 
hygroscopic, leaves but little residue, which consists of 1 
potassium carbonate only, and which is non-erosive; 
gives off but little fumes; and produces inodorous gases. 
The experiments made with the Chassepot showed that! 
2.6 grams of this powder produced the same effect as 5.S j 
grams of regulation powder. The equation adopted byl 
Brugere to express the reaction is 
C,Hj(i\Oj)gONH4-f2KN'Oa=.5CO^+8Xj+3IL+K,CO,J 
and from this, 100 grams of the powder ought to givel 
69.14 grams of gaseous products which, at 0° and 76 cm,, 
would have a volume of o2.05 liters. A direct detenni*! 
nation gave 48 liters. If we compare this with the aoftUl 
ogous results for black powder, as found by Bunsen and! 
Schischkoff, we find the ratio of the volumes to be as 2.5 : 
It, however, is not likely that a reaction which yield 
COa and free H. at the same time, is likely to t^ke plaoe^ 

Brugere's powder is stable and comparatively safe t 
make and use, but it is rather costly. 
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Abel's powder is a mixture of ammonium picrate and 
■potn»»iuin nitrate nntl charcoal, Wlieii fliiiiie m applied to 
f particle!* of the mixture, the indiviiUial particles deflagrate 
with a hissing sound like that of a sudden escape of st^am. 
and the deflagmtion has little or no tendency to spread to 
Contiguous particles; but, if the mixture be stnmgly con- 
fined, as in shells, it explodes violently, and exerts a de- 
istructive action, less fonnidable than that of gun-cotton, 
Loitro-glycerine preparations, anrl potassium picrate pow- 
ner, but considerably greater than that of gunpowder, 
jid it was, therefore, considered likely to prove a valua- 
ble substitute for gunpowder when greater violenee of 
action is desired with shells of small capacity. Shells 
charged with picric powder have been fired in England 
vitlinut a single casualty from guns of different calibres, 
iTtnging to the i)-inch gun, with the employment of a 
piattering charge of 43 lbs. of R. L. G. powders. The 
ifety of this substance was, therefore, sufticlently estab- 
iehed to warrant the institution of thorough trials of its 
ower as an explosive agent for shells. It is a curious 
md important cii-cumstance connected with this mixture, 
t, though anmionium picrate and potiissiura nitrate 
Rindergo mutual decomposition, with the production of 
deliquescent ammonium nitrate, if the two be dissolved 
together in water, the addition of sufficient water even 
ihoroughly to moisten the mixture appears tu induce no 
wch change, as the latter, when dried again, has no in- 
■eased tendency to absorb moisture from the air, which 
t scarcely does to the same extent as gunpowder. The 
jpicric powder is, therefore, quite equal in permanence to 
■gunpowder, and, as water may be used in incorporating 
ike ingredients without any detriment to the stability of 
mixture, its preparation is, at any rate, not more 
laogerous than the manufacture of gunpowder, and it 
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may be wifely Huljiuitted to the pressing ami granulating 
processes which arc appHed to the latter. 

Some comparative experiments have been iD»«tituted 
between picric powder and dry compressed gun-cottou in 
nubnuirine mines, the results of which indicated that the 
two were not very widely different from each other in 
regard to their deHtructive action, when applied under 
the pressure of water most ndvantageous to the develop- 
ment of their explosive force. Although wet compressed 
gun-cotton Ls decidedly the more efficient agent of the 
two for use in submarine mines, the granular form of 
picric powder renders the latter susceptible of employ- 
meat with decided advantage in small offensive torpedoes 
(hucIi us the spar and Harvey) as they can be more con- 
veniently and completely filled with the explosive nm- 
terial than with the disks or blocks of gun-cotton usually 
emjjloyed. 

Altel's picric powder was made and tested at this Sta- 
tion by Professor Hill*. The mixture he used was com- 
posed of 

Ammonium picrate, 42.18 
Pota.ssium nitrate, 53. '.'7 

Charcoal, best alder, 3.85 

This was moistened with water, worked under th«J 
wheels, granulated, etc., aa in the onlinary gunpowder"! 
processes. The powder obtained had a yellowish-greeiji*! 
color, granulated well, and gave no difBculty in working; J 

On comparing this picric powder with gunpowder, bjfl 
determining the amount of each necessary to burst caatl 
iron spherical shell, the force of the picric powder was I 
found to be to that of the gunpowder nearly as 1,75 to 1< ■ 
The picric powder, however, .seemed to burn imperfectly^ J 
giving off a heavy greenish-yellow smoke. This was dae J 

■S<jjt. Stcj/. ttavv. p. lISl isn. 






pjirtly to the fact that it was worked under the wheela 
but a sliort time; but it is hIhu evideut, from an e:cami»| 
imtion of the piuportioiis used, thnt the saltpetre waj 
probably in insufficient qiuinlity. A inrge number otM 
experiments were nuide with this powder, as a charge forJ 
fusc^ and ignitcrw, with good renults, 

Mr. S. H. Emmons clnimH to have prepared a new nitro 
subMtitutiou product by dissolving an excess of commei^l 
ciiil picric acid, by tjie ai<l of a gentle heat, in conccn-fl 
trated, fuming nitric acid {5(1° to 52" Baume'). The op*- 1 
oration la effected without danger, aa the mixture is re- 1 
frigenitiag, though oxides of nitrogen are given off. On I 
evaporation the solution deposits first, rhoniboidal cry»> J 
tal» of a fine yellow color, next, crystals of a paler yellow 
color, and lastly, a body having a light hi-own color. I 
The three Kubstances are said to be isomeric and to have ' 
a coniposition approximating to C8H,(N03)jOj. It is 
claimed tliat this body and the eonipountis which it forms 
with met-allic ntdicids are expIo«ve. but, in making Em- 
mensite, this body, which is called "Enunens Acid." is 
mixed with both picric acid and a nitrate, preferably 
ammonium nitrate, and the whole fused together and cast 
in a mold. Tlie result is a solid mass, of a bright yellow 
color, bitter taste, nearly inodorous and possessing a ver}' 
porous structure, 

Emmessite* is proposed for use botli in industry and 
war, and for pnjjecting as well as bursting charges. It h 
claimed to be insensitive to shocks, blows or fire, but more 
powerful than nitro-glycerine when detonated. When used 
in the granulated form for a projecting charge it is claimed 
to produce neither smoke, nor does it foul the piece. 

Carbolic acid and picric acid are not the only bodies 
from which uitro-substitution compounds may be formed. 
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On the contrary, there are many such substances, and, 
notably, among these are the hydrocarbons, such as ben- 
zene, CcHe? ^"d naphthalene, CioHg. 

By acting upon benzene Antli strong nitric acid the 
mono-nitro-benzene, 0^115X02, is fonned. This is a liquid 
and is characterized by possessing a powerful odor pre- 
cisely like that emitted by the essential oil of bitter al- 
monds. By acting upon the mono-nitro-benzene with 
strong nitric acid three different solid di-uitro-benzenes 
may be fonned, viz., the ortho, meta and para, all being 
expressed by the same formula, CeH4(N02)2. 

In the same way by acting upon naphthalene with nitric 
acid or a mixture of nitric and sulphuric acids a great num- 
ber of nitro-napthalenes can be formed, all of which, like 
the nitro-benzenes and tri-nitro-phenol, may be exploded 
l)y a detonator, and which are used as explosives, though 
generally when mixed with oxidizing agents. 

The manner in which the oxides of nitrogen are intro- 
duced bv substitution into the molecules of benzene, 
})henol and naphthalene may be more readily understood 
bv the use of structural formulas, thus. 
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One of the best known of these mixtures is Rack-a- 
rock, 240,399 pounds of which was used in the blowing 
up of Flood Rock. This consists of potassium chlorate 
and mono-nitro-benzene (Sj). gr. 1.33) in the proportions 
of 79 parts of the first to 21 parts of the latter. These 
substances are transported and stored separately initil 
wanted for use, when the mixing is effected either by 
pouring the liquid upon the solid or immersing the solid 
in the liquid. For this purpose the solid is supplied in 
the form of loosely packed cartridges of different sizes 
put up in bags closed at each end, and the combination 
of the ingredients is effected by means of a wii*e basket 
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to receive the cartridges, which is suspended from a 
spring balance and dipped in a galvanized iron pail con- 
taining the fluid. A little attention to the time of im- 
mersion renders the absorption fairly uniform. The ex- 
plosive is a compact solid having a specific gravity of 
about 1.7. According to Gen. Abbot, it decrepitates 
with difficultv when hammered on an anvil, but hardlv 
ignites on wood. A fuse containg 24 grains of mercury 
fuhninate fails to explode a cartridge which is unconfined 
or loosely confined. Even if compacted in an augei^hole 
in a log and tamped with mud, the explosion is only par- 
tial, but two such fuses determine an explosion of the 
first order. A cartridge struck by a bullet from a Spring- 
field rifle flashes but does not detonate. Ordinary fric- 
tion seems to have little tendency to cause explosion. 
The mean pressures obtained when fired under water was 
108 ])ercent of that of dynamite No. 1. 

Mr. Divine, the inventor of rack-a-rock, has patented 
several other mixtures in which sulphur, "dead oil" of 
tar and carbon disulphide are mixed in various propo^ 
tions with the potassium chlorate and nitro-benzene. 

KiXETiTE is made by dissolving soluble gun-cotton in 
nitro-benzene and kneading potassium chlonite and ni- 
trate, annnonium nitrate and similar compounds and a 
little anthiiony sulphide into the resulting jelly. High 
power, great stability and chea])ness are claimed for this 
explosive, but the English Inspectors are not yet satis- 
fied as njgards its security in use and storage. This ex- 
])losive was invented by Messrs. Petry, Fallenstein and 
Liscli of Dun»n, (lermanv. 

Hkllite, discovered by Carl Lannn of Sweden, consists 
usuallv of ammonium nitrate and meta-dinitro-benzene 
which, when in a melted condition (the melting point is 
8<r to Wf Cj. are mixed with saltpetre. When pressed 



II it has a specific gravity, in its gnuiuliituil coiidi- 
of 1.2 to 1.4, and a gravimetric density of .8 to. 875. 
Heated in an open vessel bellile loses its consistency 
■flO' C, but does not begiu to Hcpamte before n temper- 
ire of 200° C is reiiclied: at that point evaiMiratiiin be- 
lt and increaRes with a higher temperature, without, 
over, explosion occurnng. If the heating is sudden, 
Pit« will burn with a sooty dame, something like tar; 
ti if the source of the heat is removed, the bt^llife will 
le burning and itssunie a ciiraniel-like structure, the 
Jredienti* being the same as in itj< original slate, with 
exception of a somewhat reduced proportion of salt- 
■e. The explosive appears to absorb very little iiiois- 
te from the air after it has been pressed; if this opera- 
is performed in the hot stat-e, the subsequent in- 
Base of weight is only 2 per cent, 
'roni the experiments of Werner Cronquist and Pi-o- 
or Cleve we learn that when bellite is subjected to 
most powerful blow a man is capable of inflicting 
til a steel hammer upon an iron plate, it becomes 
kted, but neither explodes nor ignites. Two grains of 
[lite in a blank copper cartridge (that of a Remington 
) were placed on an iron plate and subjected to the 
J of a weight of 200 pounds from a height of 17 feet 
;che9, without exploding. Layers of bellite, .47 inch 
ithickness. on wood or iron have been pierced with rifle 
[]« ftred at a distance of some 50 yards, without show- 
signs of explosion or ignition. While boring in cast 
1 with a steel drill, one grain of bellite has been 
;ed in the hole, neither explosion nor ignition having 
mlted, although no sort of oil or other lubricator was 
kJ. a small quantity was fixed to the pointed end of 
;el rod, and the rod knocked so hard against quartz 
ilo produce sparks, yet there was no explosion. A 



good sized piece of bellite was plnced in an open tin box 
and covered with gunpowder, the latter was ignited, the 
expIoHion throwing the bellite several yards in the air, 
but it did not explode. In a piece of liarti wood a hole 
wap made of the size of a penholder, two grains of bellite 
I were pressed hard into the hole and this closed with a 
wooden cork. The wood was thrown into a coke fire and 
consumed, but there was no explosion. A comprewjed 
bellite cartridge was placed close to a rocky wall, and 
mine three inches from it a cartridge of nitrolite (nitro- 
glycerine, gun-cotton and niti-att uf ammonia); the hit- 
ter charge was made to explode by a Stubine percussion 
cap, and after the explosion the bellite cartridge was 
found to have been crushed, and the powder into which 
it was turned was fixed to the mck. The bellite had 
consequently not exploded. The list of these experi- 
ments might be considerably increased, but sufficient has 
l»een siiiil to prove that bellite can withstand blows, fire, 
friction, and vibration, without the slightest risk of ex- 
plosion. It can be safely transported by rail, and stored 
without any danger of spontttneous combustion. 

Granulated bellite is caused to fully explode by ihe 
aid of a small quuntity of fulminating mercury, even if 
its cover only consists of thin tin. When pressed wiimi, 
especially when it is in the form of hard cakes, it re- 
quires a stronger impulse and a stronger cover, which 
must adhere to the belhte. 

The suitability of bellite as an explosive for grenadectj 
(when these are provided with a proper percussion tube) T 
has been cstahlished through a series of experiment*! 
carried out by officers of the Swedish Royal Artillery, 
series of experiments have been made by exploding miua 
loiided with bellite under wattr against a dynamometer— 
The avtnige of stveral explosions gives, at a distance of 1 
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17 ft. 6 in., a blow of equal power to that caused by a 
M'eight of 22 pounds falling from a height of 39 in. At 
a reduced distance of 12 ft. 6 in. the effect was propor- 
tionally increased. On comparing the efficiency of bel- 
lite with that of gun-cotton, under exactly similar cir- 
cumstances, the former shows a superiority of 10.4 per 
cent, at a distance of 17 ft. 6 in., and of 15.2 per cent, at 
a distance of 12 ft. 6 in. The firing of 25-millimetre 
machine-gun ammunition and steel bullets against mines 
loaded with bellite had not the least effect upon the ex- 
plosive, thus proving it to possess a great advantage in 
this respect over other explosives generally used for sub- 
marine mines. 

It is the opinion of those who have had the best oi> 
portunities of judging, and whose verdict is of acknowl- 
edged authority, that bellite bids fair to become of great 
importance; that it is equally suitable for mining and 
military purposes, while it is not so liable to be put to an 
undesirable use as are most other powerful explosives. 

Securite, in one of its varieties, according to Schoen- 
weg, consists of a nitrated hydrocarbon mixed with an 
oxidizing agent, such as potassium chlorate, and with 
some organic salt which renders it fiameless. The sub- 
stance is not hygroscopic, is of a bright yellow color and 
can be kept without undergoing change. It cannot be 
exploded by a flame, nor by a hot body, but only by a 
detonating cap. Its power is said to equal that of dyna- 
mite No. 1, while it is much less costly. 

In 1885, it was announced by the London Times that 
a new explosive, known as Hellhoffite, which had been 
invented by Hellhoff and Gruson, had been subjected at 
St. Petersburg to comparative trials with nitro-glycerine 
and ordinary gunpowder. The explosive is a solution of 
a nitrated organic compound (naphthalene, phenol, ben- 
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7x»ne, and the like), in fuming nitric acid. In preparing the 
helllioffite tried in the experiments, dinitro-benzene,asoli(l, 
difficultly explosive, and badly burning body, was a**edL 
At the first trial glass bottles of 20 cubic centimetres 
each were filled with 20 grams of the respective explo- 
sive substances and corked. A primer of fulniinate of 
mercury was passed through the cork, a slow match being 
attached to the outer end of the tube for the purpose of 
ignition. Each of the bottles thus prepared was placed 
on a truncated cone of lead, the upper duimet^r of which 
was 0.5 centimetres, its lower 4.5, and its lieight 6. The 
com* itself stood on a cast-iron plate 2.5 centimetres thick. 
The deformation of the leaden cone by the action of the 
exj)losives could conse(iuently be t«ken as a measure of 
their res[)ective destructive power. The explosion of the 
gunpowder, as was anticipated, caused no changes. By 
the explosion of the nitro-glycerine the cone was com- 
pressed about a quarter of its height; its surface had «^'*- 
sumed the ai)pearance of a well-worn hammer; the di- 
ameter of the surface had been increased to 5.5 centi- 
metres. The ex])l()si()n of the helllioffite caused much 
greater changes. The surface of the cone was completely 
torn; jueces five centimetres long and two centimetres 
thick were torn off and tlu'own about for sevenil paces; 
onlv half of the cone was still a compact but entirelv de- 
faced mass. At the second ex])eriment bottles (of 2-3 
grams each) filled with the various explosive substnnces 
were let into corresponding cavities bored into the face 
of fir blocks of similar dimensions. In exploding the 
gunpowder the block was torn into four pieces as if split 
with a hatchet, the several pieces were thrown about for 
18, 12, 11, and 10 paces. In exploding the nitro-glyce^ 
ine the block was split into several pieces. The upper 
''>n of the block, as far as the bottle was let into it, 
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I *F!is t«rn off tran-sviTsely to tlie directum of the filire in 
Buch a mnuncr that a smooth cut was foniied. The ex- 
.plosion of the hellhoffite likewise tore the portion of the 
block wurroumling the hottle tninsverscly to the direction 
»f the fibre, itnil splintered the reiniiinder of the block 
into a large number of thin fibres. Tlie following expor- 
uiiCDtH were also made with hellhoffite alone: A slow 
mntch was passed through the cork, as far as the surface 
pf the hellhoffite in the glass bottle; no explosion fol- 
lowed on inniting the slow match. A quantity of liell- 
botfite poured into u bowl could not be exploded by a 
lighted match. Finally, a few drops of hellhoffite were 
|M>ured on an anvil and exposed 1« heavy blows with a 
fcammer, and no explosion followed. The hellhoffite, con- 
sequently, poKsesses the following advantages: (1) When 
detonated by fulminate of mercury it acts more power- 
fully than nitro-glycerine; (2) it may be stored and trans- 
ported with perfect safety as regards concussion, as it 
(Mtnnot be exploded either by a blow or a shock, or by 
fja open flame. On the other hand it has the following 
llisiidvantages: (1) it is a liquid; (2) the fuming nitric 
acid contained in it is so volatile that it can be stored 
flnly in perfectly closed vessels; (3) it is rendered com- 
pletely inexplosive by being mixed witli water, and con- 
sequently cannot be employed for works under water. 

Capt. William II. Bixby, U. S. A., reported in 1886 to 
lihe War Department that during his visit to Magdeburg 
Jie bad the opportunity of examining Gruson's new ex- 
Lplosive of 1881,* which seems especially adapted to all 
tnilitary purposes wherever safe but violent explosive is 
[required. This explosive, which is probably similar to 
-tiiiat mentioned above, is described as being composed of 
iwo ingredients which can be transported with perfe('t 

'Proe. Jfov. IiMt. n, 771: ISBO. and 13, eil/ 18H. 
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safety, are mixed only for use, and can be re-sepn rated'" 
with ease at any subsequent moment, while it is more 
powerful than nitroglycerine, safer than dynamite, pro- 
duces no unpleasant effects upon those who handle it, 
and is cheap. In 1881-82 it was tried by the Ger- 
man Government, but, as usual, all results were kept 
secret. The composition of this explosive is still kept 
partially secret. One ingredient is strong nitric acid, 
and the other is a crystal; it is impossible to explode 
either alone, so that they are both perfectly safe as re- 
gards transportation. In order to make use of the ex- 
plosive, the crystals are placed in the nitric acid, where 
they dissolve rapidly with a slight reduction of 
temperature; there is no chemical combination, but 
only a solution in this case ; the mixture is then ready 
for use, but cannot be exploded by any ordinary method; 
for explosion it requires the use of a fulminating or de- 
tonating fuse twice as powerful as that used to explode 
dynamite. If, by any chance, after being thus prepared, 
the mixture is not required for immediate use, the addi- 
tion of a little water dilutes the nitric acid to such an 
extent that the other ingredient is no longer held in so- 
lution; the crystals re-fonn, and can be separated by 
merely straining the mi.\ture; the crystals are then dried 
(without the slightest danger), and are ready to be used 
again; the nitric acid is left in its diluted state and sold 
for other purposes. If the crystals are heated to a high 
degree of temperature, they burn, without explosion, 
somewhat like sealing-wax; neither ingredient alone, nor 
the mixture, can be fmzen above zero Fahrenheit, 
the crystals nor the mixture produce any other unplei 
ant effects on the pei-sons who handle them except 1 
usual effect produced b}' nitric acid. The nitric 
strong, but not fuming, yellow in color, and very j 
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ingredient of this new explosive is 
It is a. substance well known, to whose 
re is no objection; it is, in fact, often 
transported to-day in commerce ; it is not soluble in 
water, does not absorb water, and never becomes damp. 
Mr. Gruson discovered this explosive while experiment- 
ing to find some economical method for breaking up his 
old-iron chills. He thinks he has such facilities for its 
^toanufacturo as will allow bun to make it cheaper than 
Hvther people. 

This explosive has been tc-^ted by blows from a pile- 
driver, in order to see how liable it is to explode under 
percussion. A weight of 112 kilograms (246 pounds) fall- 
ing one metre broke the case of the fuse without produc- 
ing explosion ; falling three metres, it still failed to pro- 
_duce explosion. 

■ Two examples may be quoted to show the strength of 
^TOe explosion : First, a chilled-iron cylinder of 30 inches 
diameter was torn all to pieces by the powder which filled 
an 0.8-inch hole along its axis. Second, one kilogram of 
the explosive was placed in a ca.st-iron shell of 75 pounds 
weight and exploded ; the explosion tore the shell all to 
pieces in such a way that 240 of its fragments weighed 
in all only 37 pounds; the rest of the fragments were 
not to be found. 

On the 29th of November, 1881, Capt. Bixby witnessed 

■KHne experiments with this new explosive. The solid 

Homponent looked hke brown sugar, e-fcept that the 

cry.stals were needle-like, and nearly an eighth of an inch 

in length. When these crystals were placed in the flame 

of a Bun-sen burner, they bnnit slowly, in much the same 

as sugar or sealing-wax, and with a good deal of 

poke. Some of the crystals were put on an anvil and 

Hmmered without explosion. The crystals were then 
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I pnt into strong, but not fuming, nitric (icid and were im- 
mediately dissolved. A few drops of the solution wtve 
put on the anvil and hammered without exploding. A 
piece of paper dipped in the Holution wns put in the flame 

, of a Bunsen burner and it burnt in about the same way as 
the crystals had burned. A piece of paper put into the 
solution so as to serve as a wick was then ignited, and 
burnt with increased flame, but without igniting the so- 
lution. Water was then poured into the solution, and 
the solid component reery stall ized into white, flaky crys- 
tals. This recrystallization was accompanied by a slight 
reduction in temperature, hardly sufficient to be noticea- 
ble to the touch- Some of the explosive mixture was 
then placed in a thin metal tube in the ground outside 
the building and exploded by the use of a friction primei — 
of triple the strength ordinarily used for exploding dyna — 
mite; the explosion produced a very effective result— 
The brawn crystals were said to be poisonous if eaten^ 
but not poisonous to produce any bad effects if sinipU" 
tjisted or handled. An actual test showed that they weree 
slightly astrmgent, with something of the taste of qui — 
nine. The strength of the explosive is estimated at 1.3S 
times that of nitro-glycerine, and its cost is 25 cents pei:" 
pound. 

About 1880, Hcllhoff, of Berlin, patented a process foE 
making explosives from crude coal-tar oils by direct ni- 
tration with strong nitric acid.* The mixture of varioui 
nitro-Bubstances thus obtained was washed and dried a 
then mixed with oxidizing sub-stances. The alkaline nl-i 
trates, chlorate of potash, and the strongest nitric acid 
served for thi.s purpose. Experience gained by long*— ^ 
continued manufacture with the aid of steam proved 
that the separate fractions of the crude tar oils, even 
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those of the highest boiling point, wore capable of nitm- 
tjon and gave satisfactory yield of nitro-derivates. 

The question naturally arose whether the tar itself 
could not be nitrated and utilized for making explosives. 
Experiments made in this direction soon showed that the 
treatment of coal-tar with strong nitric acid was a very 
dtmgerous operation, that its employment on a large 
Bcale woulil be att^-nded with ^'roat difficulties, and the 
greater part seemed to be burned up and lost. In subse- 
quent experiments, therefore, an acid of 1.33 to 1.45 
specific gravity was employed. The liquid tar was grad- 
ually stirred into the acid, the surfaee of the acid becom- 
ing covered with it. After a while this layer of tar con- 
tracted on stirring and settled slowly to tlie bottom. In 
about ten minut^'R the mass at the bottom puffed up. and 
gradually changed from a liquid to a solid or pasty state. 
'The completion of the operation could be recognized by 
the ma.s8 rising from the bottom and spreading itself 
evenly over the surface. When the acid had all been 
used up, the tar which was added no longer contracted 
and settled to the bottom. The chemical ciianges did 

lot produce an excessive amount of heat, so that cooling 
iwas unnecessary. 

The product thus obtained was well washed with ex- 
■cesa of water, and the sour wash-water that remained lu 
'it» pores was expressed out. The purified product was 
:khen mixed with the oxidizing bodies above mentioned. 
One part by weight of the product dissolved very slowly, 
ith the evolution of but little heat, in three parts of 
jiitric acid, specific gravity 1.52. All these substances 

;ave new explosive compounds of different degrees of 
Violence. The power possessed by a solution of these 
hew nitro-derivativea in concentrated nitric acid was 
rihown by the fact that a small quantity of it, when ex- 
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ploded by ii double dynaniite f xploder, wa.--- idjk- to shatter 
an iron shell. 

Owmg to the varying eompusition of thu tar it is im- 
possible to give the exact proportions in all eases of thej 
oxidizing substances which must b« added, but iu the ex-' 
periments it was found that two to five part« of concwn- 
tmted nitric acid or chloric acid, or four to six parts of ^ 
Balfc*, were sufficient for one part of the nitro-derivative. 
The great advantages olTered by this process are cheap- i 
ness of material to be acted upon, the cheapness of the ] 
lighter acid used (the difference is about 60 per cent), 
and finally in the quiet and regular mamior in which the 
operation takes place, perraittuig the use of simple and 1 
inexpensive apparatus. 

These favorable results led to further experiments upon , 
pitch, the paraffines and the mineral oils. The possibility ; 
of nitrating the latter seemed probable from their great i 
similarity to the crude tar oils. Experunent, in fact, < 
proved that they reacted exactly alike. But the strong- i 
est nitrating agents are required to act upon the purified < 
mineral oilf used for illumination. A mixture of equal -| 
weight of the strongest nitric and sulphuric acids, or a | 
mixture of an alkaline nitrate with sulphuric acid, was ] 
employed. 

On paraffines and similar products the weaker acids J 
were an ineffectual as on purified oils. By the action of ( 
the nitrating agents mentioned upon purified mineral oils, 
nit ro-com pounds were precipitated, of a light yellow or 
light brown color, having the ext<_Tnal appearance of , 
rancid fat. These products were difficultly soluble in the | 
strongest nitric acid. Pitch treated with nitric acid of J 
1.45 to 1.52 specific gravity gave a yellow-brown solu- 
tion, and from this light yellow to brown scales separated 
on washing with water. The oil and pitch from wood-tar 
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Vere treated with the weaker acid (1.45), and those from 
brown coal nnd wtone-coal with the stronger acid (1.52). 
ITie products thus obt-niiied were easily soluble in strong 
nitric acid with slight evolution of heat. These nitro- 
compounds when mixed with oxidizing bodies also fonned 
powerful explosivew, but the quantity of the latter re- 
fiuired w^s two to four times greater than that added to 
nititj-derivativea of tar. There was found to be no special 
ndvantage in working these materials as compared with 
tar or even the Uir oils, for a high grade of acid was re- 
<Huired, while the increased quantity of oxidizing salts 
B-aised the price still higher. Stil!, this process is of some 
importance so far as pitch is concerned, since the price 
«Df tar is likely to increase as more uses are found for it. 

All the special products of the distillation of coal 
laving been found capable of being converted into ex- 
fclosives by nitration, it only remained to try an experi- 
Pnent on the original materials, coal and peat. Wood 
^was excluded from the list, for its conversion into an ex- 
plosive (pyro.xline) had already been accomplished by 
Trauzl. It was found that the direct conversion of coal 
into an explosive by extracting the nitro-products would 
involve very expensive and tedious manipulations. After 
^numerous iinsucce.iaful experiments in which the product 
either completely burned up or the coal was but 
Jightly acted on, they tried gradual nitration. The coal. 
1 form of a fine dust, was first treated with weak nitric 
uid, specific gravity 1.40 to 1.48; the weiglit of acid re- 
iuired was ten times that of the coal u.sed. When stone- 
,1 was introduced slowly into the acid the rise in temper- 
ure was inconsiderable, though some oxides of nitrogen 
! formed. The action was much more violent in the 
ise of brown coal, and least so with wood coal. After the 
teration with any coal, a large portion of the material 
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to be iiitratod rt'niniiied flppart-ntly unaffected and formed 
a thick sediment on the bottom of the vessel, while the 
nitro-product was dissolved in the acid hiyer above and 
imparted to it a light brown color — with brown coal 
nearly a tar color. When this fluid layer was well washed 
with water the nitro-product was thrown down a« a fine 
brown powder. This precipitate was filtered out and 
washed repeatedly until the wash water was no longer 
acid. The sediment was also washed several times to 
remove the exhausted acid, then dried and finally treated 
with the most concentrated acid. It separated into two 
layers; the liquid one was treated just as before described 
to obtain the nitro-product suspended in it. Again the 
precipitate was brown, either light or dark. The solid 
residue was again washed and dried, then treated with the 
most powei-ful nitrating agents. In this way they suc- 
ceeded ill converting nearly all the brown coal and stone- 
coal into nitro-bodies, as well as the larger portion of the 
wood-coal. The yield was scarcely sufficient to compen- 
sate for the large consumption of acid, especially with 
tlie wood charcoal and coke. All the nitro-i>roduct« ob- 
tained were nearly alike in color, state of aggregation, 
and other properties. They were insoluble in water, 
soluble in alcohol, and the most concentrated in nitric 
acid, and burned with strong aromatic odor, and were 
heavier than water. 

The resultj* of the experiments mafle on peat were con- 
siderably more encouraging, different kinds being tried. 
A firm, solid kind called "bog peat" (J/oorHor/), from 
Duneburg, was tried after a small test had shown that 
the reaction would not be too violent. It was first sub- 
jected to the action of equal parts, by weight, of the 
strongest nitric and sulphuric acids for several hours. 
The substance changed color from dark brown to dark 
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Ignited in the air it bunied with a lively flame a 
irong aromatic odor. When soaked in ii Holution of 
(chlorate of potash and dried, it formed ii powerful explo- 
ive. If the same peat was well pounded before the ni- 
ition, so that the humus substance was separated from 
fgetable fibres, and a larger sui-face was exposed to the 
iwerful action of the acids, the earthy humus constitu- 
ents were converted into a dark-brown, liquid, sticky 
nitro-body, having the external characters of that ob- 
tained by nitrating the heaviest tar oils. It« action when 
mixed with oxygenated bodies is also just like the latter, 
le other nitro-substjince, formed from the finely divided 
ibres left in the dry distillation that attends the forma- 
tion of peat, yielded an explosive without any admixture 
an oxygen-bearing salt. In the open air it burnt very 
ipidly, leaving a slight carbonaceous residue. 
Peat containing animal admixtures acts just like this 
peat. Peat that seemed to be of later fonnation 
rould not bear the action of concentrated acids. There 
ras a violent evolution of oxides of nitrogen^ and in spite 
t the most careful cooling the heat became so great that 
here was danger of ita reaching the ignition temperature 
[ the nitro-derivative, so that the process had to be In- 
Jerrupted. Tlie same peat was then mixed with ordinary 
ommercial nitric acid, specific gravity 1.35, and as the 
lotion of this acid was scarcely perceptible, concentrated 
icid was gradually added until the process began to be 
[uite violent. The acid had then been brought up t« a 
gravity of 1.45. After the reaction had gone on for 
several hours with careful cooling, the product was 
washed and dried. This was an explosive without the 
admixture of the oxidizing body, but not so strung as 
that made from bog peat with the stronger acids. Others 
of the newly prepared nitro-derivatives, especially those 
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Se crude tar oils b\- repeated nitratiuDS, fo^^ 

ploaves alune: but they are always weaker than when 
mixed with oxygenated bodies. 

The manufarture of explo-uves from peat, owing to the 
cheitpnefs of the miiterial and its wide dissemination, 
as well as the simplicity of the process, is doubtless an 
iinportiint step in advance. 

The chief characteristics of the newly-prepared nitro- 
substauces are the following: The specific gravity of all 
is very nearly that of water. They all possess a powei^ 
ful aromatic odor, ix*,senibling the fruit ethers, which is 
particularly noticeable on burning them. All solutions 
of these substances have a strong refractive power. The 
greater part of them are soluble in the strongest nitric 
acid, as well as in alcohol; they are all insoluble in water. 
In the open air Ibey all bum with a bright, but more or 
less smoky flame. Their molecules are so unstable that 
they can be exploded alone, or. mixed with oxidizing 
sub.-4tances. by simple ignition. 

In 1873, Dr. Hemiann Sprengel, in an extremely valu- 
able paper in the Journal of the Chemical Society of 
London, proposed a new class of explosives which should 
be non-explosive during manufacture, storage and trans- 
port, but be powerfully explosive when prepared antl 
detonated. His plan was to employ mixtures of com- 
bustible and oxidizing substances which should be kept 
separate until needed for use, but the novelty of the 
scheme was that these bodies should either all be litjuida. 
or that part should be solid and part liquid, for, by 
taking advantage of the liquid state, speedy and intimate 
mixing could be realized and ensured. Among the oxi- 
dizing agents proposed were the nitrates and chlonites, 
which are .-iolid, and nitric acid and nitrogen tetp- 
oxide, which are liquid. Among the combustible 




43 



,nce8 were the nitro-substitution bodies, carbon disul- 
phide, petroleum, and the like. 

On cflanciiig over the explosives preceding thia it will 
he observed thsit many of them belong to the Sprengel 
Class; nick-a-rock, hellhoffite, and »orae forms of emmen- 
wte, being among the number, while roburite, wliich has 
recently received favorable mention, apparently also falls 
iu this class. 

Although not contiiining nitro-«ubstitution compounds, 
panolawtite and Parone's explosive may properly be 
spoken of here wince they belong t^) the Sprengel class. 

pAJfCLASTiTE, invented by Eugene Turpiu, consists of 
combustible substances, mixed with liquid nitrogen tetr- 
oxide. Carbon disulphide is preferred for this purpose, 
and the best proportions are two voUunes of CS, to three 
Tolumes of NjO^. 

Pabone's Explosive consists of two parts of potas- 
(rium chlorate and one of carbon disulphide. 

Reference books, Proceedinys U. S. Naeal Institute, 
SiU'e Notes on Explosives, Traite' sur la Poudre by 
E. DesoTtiauz. 



LEOTURE VI. 



fulmi:n^ates. 

In treating of the fulminates it seems proper to include 
an this group not only the salts of "fulminic acid" but 
also tho»e substances which, like the fulminates, un4ergo, 
imder normal circumstances, a detonating explosion ouly. 
We mean by this term detonalion au explosion which re- 
quires but an exceedingly brief interval of time for its 
complete development, even when the mass of the ex- 
plosive engaged is very large. 

The simplest example (from a cliemical standpoint) of 
ft detonating substance is found in Nitrogen Chloride, 
which is one of the most unstable of explosive bodies. 
Although its explosive force, as calculated by Sarrau from 
the products of its decomposition, is but slightly greater 
than that of gunpowder, yet, as the reaction is a detona^ 
ting one, the local application of the force is very marked 
and its effects very severe. Hence it is regarded as one 
of the most dangerous of explosive substances and one 
of the best examples of a detonating substance. 

The name nitrogen chloride is usually given to the very 
explosive compound discovered by Dulong in 1812, which 
results from the action of chlorine on ammonium chlo- 
ride. Its composition is somewhat uncertain, as its in- 
itabilily renders its analysis very difficult. Some chem- 



ists regard it as NCI3 (trichloramide), that is amiuonia io 
which all the hydrogen has been replaced by chlorinej 
while others hold thnt the componnd contains hydrogen,! 
the replacement of the hydrogen in the ammonia beinf^ 
incomplete. These views may be expressed by the fol-1 
lowing formulas: 

H H CI Ci 



H-N-H 



H-N-CI 

Hon u-vl ilu r-amkle. 



H-N-CI 



Cl-N-Cl 

Trl-r liloi^Biolde. 



Probably both views are right and that there are several! 
of thewe chlornmideH. 

It is obtained in the form of a yellow, heavy, oily liq-H 
uid (i^. Gr. 1.65) volatilizing easily and _)-ielding a vaporl 
of a very characteristic odor which affects the eyegJ 
When heated to about 93° C it explodes with great vio- 
lence, emitting a loud report and a flash of light. Its in 
atability is, of course, attributable to the feeble attraction 
which holds its elements together, and the violence ■ 
the explosion, to the sudden expansion of a small volumw 
of the liquid into a large volume of nitrogen, chlorinai 
and. perhaps, hydrogen chloride. As might be expected 
its explosion is at once brought about by contact will 
substances which have an attraction for chlorine such a 
phosphorus and urseuic ; the oils cause its explosion, prot> 
ably by virtue of their hydrogen; oil of turpentine ex'A 
plodes it with greater certainty than the fixed oils. Al- ' 
kalies also decompose it violently, whilst acids, having 
no action upon the chlorine, are not so liable to explode 
it. It has actually been distilled at 71° C, in air, withou|| 
explosion. 

Mitrogen chloride may be prepared by placing 3 grama^ 
of mercuric oxide in a bottle of 25^^ capacity filled with I 
chlorine and adding 15 ^.^^ of water. The bottle is closed' J 




"with a stopper and shaken, loosening the stopper occ^~~ 
.-'iuiially, as long as chlorine is absorbed. The solution of 
lijipochlorous acid thus obtained is filtered from the resi- 
dual mercuric oxyclduride and poure*! into a i^inall clean 
beaker glass. A lump of ammonium chloride weighing 
tl.5 grams is then dropped in the solution, and the glass 
is placed under a stout wooden box. After the lap.fe of 
Hwenty minutes, the nitrogen chloride may be exploded 
by inserting, through a hole in the box, a stick dipped in 
turpentine, fixed at right angles to a longer stick. The 
g;Inss will be shattered into very small fragments. 

Tlie substance may also be prepared by inverting a 
llottle of chlorine, perfectly free from greasy matter, 
Over a leaden dish containing 1 part ammonium chloride 
in 12 partH of water. Drops of a yellow, oily-looking 
£quid will gradually collect on the surface of the .solu- 
tion and fall to the bottom, whilst tlie chlorine slowly 
disjippears. 

Also we can obtitin it by placing a saturated solution 
of ammonium chloride in a funnel, the neck of which is 
Out off short and stopped with a cork through which two 
blatinum electrodes are passed, A little turpentine is 
poured in ao as to form a thin layer over the solution of 
(Bnmoniura chloride, and the electrodes are conni^cted 
Srith a Bunsen battery of four or five cells. Bubbles of 
Blti'Ogen chloride are thus formed, and are exploded as 
Itey rise to the surface and come in contact with the 
hrpentinc. 

If we consider the trichloramide only, the reaction of 
Its decomposition will be represented by the equation 

2XCl3=N, + 3C1,, 

licnce one equivalent (120.5) in grams will fnmish 44.64 
liters of gas, or 1 kilogram will yield 370,5 liters. 



Although of no importauce in practice, still, from iU 
constitution and properties, nitrogen chloride is of gn 
interest in the study of explosive substances. In 
first place it differs from the other explosives which wd 
have studied in the fact that though a markedly exploi 
sive compound, yet it does not contain any oxygen, am 
hence the explosion does not result from combustitH 
having taken place. The fact that the product*i of iht 
explosion are elementary substances goes to support th: 
view. How then is the explosion brought about? Thii 
phenomenon has long been a matter of speculation, anflfi 
no light has been thrown upon it until quite recentljM 
when by the aid of thenno-chemical investigations a ver 
reasonable explanation of it has been reached. 

Tliis science of thermo-chemistry has been developet 
during the last eighteen years, chiefly through the ind«| 
pendent labors of Thomsen of Copenhagen, and BertheloB 
of Paris, and of their pupils, and, as it« name indicate 
it treats of the thermal phenomena which accompany 
chemical reactions. It is true that it was observed long" 
ago that when bodies such as hydrogen and oxygen, or 
carbon and oxygen unite, heat is evolved, and measun 
ments were made of the amount of heat evolved froBj 
unit masses of the substances, but no very ext«ndei 
study of these phenomena was made ; and from the obi 
Bervations that were made the inference was drawn thj 
all synthetical changes were attended with the develop 
nient of heat, while all analytical changes were attend^ 
with the absorption of heat. 

The study of thermo-chemistry has shown that ' 
is by no means always true; that there are on 
contrary many synthetical reactions which are attendea 
with a marked absorption of heat, while the compounds 
resulting from these syntheses evolve heat when decom- 



posyd. Hence chemical compounds have been classified, 
according to the thermal phenomena attending their foi> 
matioD, into two classes, viz., exothermous bodies and 
endothernious botlies; exothenuoua bodies being those 
whose formation is attended with the evolution of heat, 
and endothermous bodies being those whose formation is 
attended with the absorption of heat. It is obvious that 
all endothermous bodies must be more or less unstable, 
since, according to the principle of maximum work, they 
must constantly tend to break up into the simpler sub- 
stances of which tliey consist. 

Among the most remarkable of endothermous bodies is 
the nitrogen chloride, of which we have been speaking, 
for its decomposition is attended with the evohition of 
38.100 gram-imits of beat, and this explains it"* extreme 
instability and explosivoness. The remarkable fact thus 
brought into prominence might seem at first sight incon- 
sistent with the general principle previously enunciated, 
that, while the union of atoms is attended with the de- 
velopment of heat, the parting of atoms involves a coi^ 
responding absorption. But it will be noticed on inspec- 
[ tion of the reaction given above for the decomposition of 
trichloraniide that the nitrogen atoms unite with each 
other to form molecules of nitrogen gas, and the chlorine 
atoms unite in a similar manner to form molecules of 
chlorine gas. and the amount of heat evolved by the 
union of these similar atoms so far exceeds the loss of 
heat which attends the separation of the dissimilar atoms 
of chlorine and nitrogen, that the difference amounts to 
over 38000 units. 

All explosive compounds are likewise found to be eu- 
dothemious either in relation to the elementary or sim- 
pler compound substances from which they are formed. 
So also all endothermous substances are unstable and 
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many of them explo«ve, though not in the direct ratio " 
of the heat which they absorb during formation. A 
notable example of this kind is acetylene. C^Hs, whose 
molecules iibsorb nearly twice as much heat during foij 
mation as does a molecule of nitrogen chloride, but whid 
is so stable that it cannot be exploded by heating, cod 
tact with flame or the electric spark, though it is detoflj 
ated by mercury fulminate. These differences may, pel 
haps, be explained by differences in the arrangement e 
the atoms in the molecules. 

Nitrogen Bromide or bromamide, whose composititn 
is probably analogous to that of the cidoride, may. s 
cording to Millon, be formed by decomposing nitroga 
chloride with an aqueous solution of potassium bromide.' 
It exist** as a dense, blackieh-red, very volatile oil, having 
an odor like the chloride, and explodes violently by con- 
tact with phosphorus and arsenic. 

Nitrogen Iodide or iodoamide exists in the form of J 
brownish-black soft powder, which, when dry, ( 
from the slightest cause, producing a loud report and c 
Btroying any solid bodies that may be near it. The e 
plosion is attended with a faint flash of violet light, niti 
gen being set free as gas, and iodine in the form t 
very fine powder. It may be exploded by friction, e 
under water, and in the dry state can scarcely be touchtt 
without exploding, the slightest elevation of temperturi 
and even the friction produced by sliding over the * 
face of smooth paper being sufficient to explode it. 
moist it decomposes slowly in contact with the air, yii 
ing nitrogen, iodic and hydriudic acids. Under water i 
the presence of a beam of light it likewise undei^o* 
decomposition, and this is so regular that Guyard 
proposed to use it as a photometer, the amount of deci 
position being measured by the volume of gas liberatei 




A similar decomposition is produced more rapidly by 
boiling water or alkaline solutions. 

This body may be made by digesting iodine in excess 
of ammonia water; by adding a large excess of aqueous 
or iilcoboHc ammonia t« a solution of iodine in alcohol, 
and then diluting with water; by adding ammonia to a 
Solution of iodine in aqua-regia; or by decomposing nitro- 
gen chloride with potassium iotlide. The resulting black 
powder must be collected on a filter and washed with 
water; and, to guard against accidents in drying, it is 
advisable to divide the filter, with the moist precipi- 
tate upon itj into small pieces and expose thom to warm 
dry air at considerable distances from each other; or the 
precipitate may be dried in a receiver filled with ammo- 
nia gas, in which case, according to Milloo, there is no 
fear of an explosion. 

Mallet makes this body by dissolving 30 or 20 grams 
of iodine in the least possible quantity of 95 percent al- 
cohol and precipitating it by pouring it into a large vol- 
ume of cold water. The finely divided iodine thus ob- 
tained is washed several times by decantation, then gently 
triturated for several minutes in a porcelain mortar with 
A large excess of the strongest ammonia water kept at 
or below 0° C, by a freezing mixture, the liquid poured 
■off from the easily subsiding black powder, and replaced 
two or three times hy fresh solution of ammonia. The 
powder is then transferred to a corked fiaak and shaken 
■Bp repeatedly, first with alcohol of 95 percent, then with 
absolute alcohol, and finally with anhydrous ether, all of 
these liquids being artificially cooled. Most of the last 
portion of ether which, as well as several of the preced- 
ing washings, is perfectly coloress, is decanted off and 
■the fluid black mud is turned out upon a filter, drained a 
few moments, and the remains of the ether swept away as 



vapor by placing the filter and contents under a receiva: j 
and drawing cold dry air through in a rapid stream, 
product thus obtained is explosive in the highest degree 
and in several instances has exploded in some quantity 
through rubbing gently, under water, shattering the ve»^ 
pel in which it was held. 

The composition of this body has been a much disput* 
matter. Colin and Gay-Lussac held that its formula ^ 
NT3 that is that it was tri-iodoamide, wliile others foua 
as the results of their analyses that it contained more £ 
less hydrogen. In his research on the subject Mallei 
found that he could produce bodies in which the hydw 
gen of the ammonia was partially or wholly replaced, b^ 
varying the strength of the ammonia solution used, or 
the temperature and other conditions to which the sub- 
stance was exposed. He, however, favors doubling the 
formula and on tlie following ground: 

"In view of the general fact that the compounds 
nitrogen in which this element behaves as a pentad art 
those in which instability is chiefly observable, and notloj 
ing the various proportions in which iodine and nitrugetl 
have been found together united with it, it seems fairh 
probable that the molecule of each of these explosivi 
compounds contains two pentad nitrogeu atoms." 

He finds the following compounds: 

NJb> NIs.NHL, NHj.NHI„ and NHI,.NHjI. 

Nitrogen Fluoride or fluoramide is produced, accordiiu 
to H. N. Warren, by passing an electric current throuj 
a concentrated solution of annnonium fluoride, and is d&-l 
posited as oily drops on the negative plate. These ■ 
plode with great violence on becoming connected will 
the positive pole, or with glass, silica or organic matter. 

Silver Amine: Nearly one hundred years ago Bert 



elot discovered that a powerful fulmioating compound 
■was produced by the action of ammonia upon silver ox- 
ide. This body has been recently examined by Ra«chig,* 
who has produced it by precipitating silver nitrate with 
sodium hydroxide and washing the silver oxide by de- 
cantation. Thus for each gram of silver nitrate used 
there was poured upon the silver oxide 2^^ of an ammo- 
nia solution contaiuing 25 percent of NH3. The oxide 
dissolved readily, leaving only n slight turbidity. The 
solution thus obtained was divided into several portions, 
each being placed in a dish about 10 cm. in diameter, so 
proportioned that no dish contained the oxide from more 
tlian one gram of the nitrate. Each dish was covered 
with a watch-glaHs and allowed to stand for 16 to 20 
^ hours. The ammonia evaporated and the fulminating 
silver was deposited as a black, crystalline masH, After 
waslung thoroughly it was analyzed, the results of some 
sixteen anai^'ses leading to the formula AggX. Samples 
prepared in other ways gave the same results. 

This body explodes by the slightest concuss'ion when 
dry and requires the greatest caution in handling even 
when moist. It is claimed to have been used as the ini- 
tial detonating agent in the bomb that killed the Czar.t 
It has repeatedly been accidentally formed in the ammo- 
niacal silver solutions used in the silvering of mirrors for 
astronomical purposes, and in the silver baths used in the 
wet process of photography, and has announced its pres- 
ence by an explosion which in some instances has been 
quite disastrous in its effects. 

A "Fulminating Gold" is formed as a buff precipitate 
by adding ammonia to a solution of auric chloiide, or aa 
a dark olive-brown precipitate by acting on auric oxide 
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with ammonia. According to Raschig,! explosive com- 
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pounds result from the action of ammonia on either AiljO^ 
AuO, or AUjOg, though what bfis in the past heen know 
as fulminntnig gold was produced from the Au^Oj or ita 
chloride. According to Dumas' analysis, this body iari 
hydrated molecular compound of the gold oxide am 
ammonia, but Raschig's results show that tliLs, as wd 
as the compounds formed from the other oxides, 
gold amines or gold ammonium compounds. All are e:d 
plosive, tlie most violently explosive being the scs(|uiaic 
roamine AujNj -|- 6 H^O. 

Cupricamine, CugNj, is fonned by passing a current e 
dry gaseous ammonia over finely powdered cupric oxidj 
heated to 250° C; water and nitrogen gas are evulv 
and the nitride is left as a dark-green powder, wbicll^ 
when heated to about 310' C explodes feebly, emitting! 
red light; strong acids decompose it with the evolutioa'* 
of nitrogen. 

Mercury amine, according to Plantjiniour, may be made 
by passing dry gaseous ammonia over the dry yellow 
mercuric oxide, which is precipitated from mercuric salts 
by an alkali, so long as the gas is absorbed, and then 
heating the resulting black-brown mass, cautiously, at a 
temperature not exceeding lf50'' 0, so long as water is 
given off. An anhydrous brown powder is produced, 
which detonates powerfully when heated or struck, and 
which is decomposed by acids into salts of ammonium 
and mercury. Miller considers it as being probably iden- 
tical with a compound obtained by Weyl through the 
long-continued heating of the compound X^Hg^O in am- 
monia gas. 

Fulminating Platinum is produced as an insoluble black 
powder by dissolving ammonium platinic chloride in a 
solution of sodium hydroxide and adding an excess of 
acetic acid, or by precipitating platinic sulphate with an 



esces:^ of aininonia. This coiiipouiul clftiiiiatL-s viok'ntly 
[■when suddenly lieated to 200° C, but i» decomposed by 
lacids with formation of amnionical salts. 
I Nitrogen Sulphide; This body exinta in the form of 
beautiful guide n-yt'tlow rhombic crystals of Sp. Gr. 2.22. 
lit detonates powerfully under percusfiou, but is less sen- 
i«tive than diazo-benzene nitrate or mercury fulniintvt«. 
'It deflagrates at 207° C*, but more slowly than mercury 
'fulminate. It is not iiffected by dry or moist air and has 
been several times heated to 50" C without change. It has 
,a faint odor, adheres strongly to paper upon which it is 
.rubbed, and irritates the mucous membrane of the nuse 
and eyes most painfully. It is an endothermous sub- 
stance, and when decoini)osed, according to the reaction, 

it evolves 31000 units of heat. One equivalent in grams 
,(46) gives 11.6 liters of nitrogen gas, or one kilogram 
Ijjrields 242.6 liters, but as at the temperature of the ex- 
jftlosiou (which has been estimated at 4375° C) the sulphur 
*will also be gaseous, the total volume for one kilogram 
will be 485.2 ( 1 + ■ ( ) liters. The pressures developed 
hy the explosion of nitrogen sulphide are very nearly the 
flame as tliose of meicury fulminate for the same density 
iof loading, but, owing to successive transformations of 
'the sulphur vapor during cooling, the effects produced 
\hy this body wlien used for detonators and fuses ought 
Ho he very different from that of mercury fulminate. 
j The compound may bo obtained by paH.-<ing dry ammo- 
fnia gas through a solution of sulphur dichloride in 10 or 
^2 times its volume of carbon bisulphide. The passage 
[lOf the gas is continued until the brown color of the preci- 
I'pitate first formed disappears; the yellow liquid is filtered 

•Ueitbelot, UUIpr bIvm \K=, and W&tU IM^-IW. 



from the animonium cbloriile which is produced. onA 
allowed to evaponite spontaneously, when the nitrogen 
fiulphide crystals are formed mixed with sulphur. The 
latter is dissolved out by carbon bisulphide. 



The nitro-aubstitution compounds are believed to owe 
their explosive properties to the fact that they contain 
nitrogen which exists wholly or in part in the body, 
united with oxygen, in the form of nitryl NOj. In 1860 
Griess discovered another class of nitrogenized bodies, 
some of which are explosive, which may be regarded m 
formed by the replacement of two atoms of hydrogen {in 
two molecules of an aromatic hydrocarbon) by two atoms 
of nitrogen. A body so constituted is called an 020 com- 
pound. Diazobenzene CgHj — N^N — OH, which may 
be formed by the indirect substitution of hydi-ogeu by 
nitrogen in benzene, is a type of tbiw class. Diazoben- 
zene is a quite unstflble substance, while the nitrate is a 
crystalline solid, which is employed in the art* for the 
manufacture of dye-stuffs, and which i.s so explosive tha|| 
it has been proposed for use as a detonating primer. It J 
may be formed by the action of nitrous acid on phenyl 
ammonium nitrate according to the reaction, 

C8H„.NH,.N03H + ILNO, = C«Hs.N,.NO, + 2H,0. 

Berthelot and Vieille have made a study of the prop" 
erties of diazobenzene nitrate,* and they consider it 1 
representing the residue of two nitrogenized bodies whie 
have lost, the one {nitrous acid) its oxygen, the othflj 
(aniline) a part of its hydrogen, in the act of combini 
tion; but a notable portion of the energy of these ela 
ments remains in the residue, which accounts for its ex 
plosive character. They have examined this substania 



I in the same way as they have done for fulminating mer- 
curj-.* If preserved in dry air out of contact with the 
light it can be kept for two months and more, but ex- 
posed to daylight it slowly changes; in moist air the 
the change is rapid, and in contact with water it is de- 1 
composed immediately. It is as sensitive to a blow aa 
mercuric fulminate. On heating, it detonates with ex- Jj 
treme violence at about 90° C, while mercuric fulminate , 
detonates at about 187° C. Slowly heated at a lower tem- 'i 
perature it slowly decomposea. Its density is 1-37. Total | 
heat of combustion under constant volume -j- 783.9 cal. ; 
and under constant preswure -j- 782.9 cal. Heat of for- i 
mation — 89 cal. showing it to be an endothermic t sub- | 
stance like the other high explosives. 

The pressures found for diazfibenzene nitrate are 
greater than those for mercury fulminate for the same 
den.sity of loading, but on the other hand mercuric fulmi- 
nate will develop a much greater pressure (24,000 kilos 
instead of 7200 kilos) when detonated in its own vohime, 
on account of its greater density. The destructive effects 
of the two explosives differ, following the density of 
charge. On contact the effect is much more marked 
with mercuric fulminate. 

Mercury Fulminate : Our knowledge of the substances 
which are chemically known as fulminates began in 1800, 
when Howard, an English chemist, discovered^ mercury 
fulminate. The discovery was made while acting on 
Hiercuric oxide with alcohol and nitric acid in order to 
'prove whether or not "hydrogen was the basi.s of muri- 
atic acid," and the action resulted in the production of a 
\t'hitish salt which crystidlized in acicular needles possess- 
ang a saline taste and which, when dried, exploded with 
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■ when a drop of sidphnric scid ws^ 
poared upon them. Howsrd fotlcnred ap hi^ dL«-o%en' 
■od flodied the propenit^ of the sab^tutce?' as thoruughlj 
a* bt» facilitieif would permit, and lie ii^oved br hxfi i 
periments that, while the bodr exploded with ^nch < 
treme violence a» to deeply bruise the melallie aurfai 
with wbtefa it was in contact, and that while it prodoi 
bat little nnoke. vet. a.« compared with gunpowder^'fl 
powewed but little power a» a prujecting agent, and. 1 
tlicr. that when u^ as a i^ub^^titute fur a gunpowder 
<^rge in a gun. though it imparted ontralow velocity 
to the bullet it bnrst the gun. Hence, nllhuugh. from 
tbc comparative readiness with which the salt could be 
produced and the great power it manifested, high hop 
were excited a» to its ui*8 as a substitute for gunpowdi 
them> bope^ were da'^hed to the ground bv the extrt 
dilGculty met with in controlling its Aioleut action, 
found no practical applications until u^ed for perciu 
caps and priniers'. Its most importjint present U6>e t 
agent for exciting the explosion of the lugh exptosivd 
and for causing them to develop their greatest force, dati 
from 1SG3, when Nobel duvovered that by the explot 
of a few grain>! of this substance in the midst of a t 
nitro-glyceiine, the nitpoglyceriue would be detotuitl 
and tills has since been found to be the case with all i 
other high explosives. 

Invei<tigiition of mercun,' fulminate by Liebig, 
Lussac and others has shown it to be a salt of an organic 
acid having the probable formula of CiN^O^n^, and which 
lA known iis fulininic ncid. Although a large number of 
fulminntcK havi' been nbtained the ncid itself has not 
been isolated until recently, H. N. Warren* having now 
claimed to have effected this. 
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Quite a number of methods have been propoi 
used for the manufncture of murcurv fulminate, but the 
loUowing has given us the most satisfactory results and 
is now in use at this sttition: 

Ten parts by weight of mercury are dissolved by gen- 
tle heat in 120 parts of nitric acid (Sp. Gr. 1.4). When 
the solution is complete, the liquid is cooled and shaken 
to secure honiogenity, and it is then poured into a glass 
'flask containing 110 parts of alcohol (95 percent). The 
flask should have six times the volume of tlic alcohol. 
At an atmospheric temperature of 60° F, or above, action 
soons begins in this mixture, without previous heating, 
ftnd is eventually quite turbulent. Dense white fumes 
are given off and, later, red fumes. It has been the 
practice in the past to add more alcohol at this stage, in 
onler to moderate the violence of the action, from the 
fear that an explosion might ensue, but I have found 
that this addition gives rise, by reduction, to the forma- 
tion of metallic mercury and compounds of mercury 
other than the fulminate, which seriously diminish the 
value of the fulminate as a detonating agent, while, on 
' the other hand if the action is allowed to proceed with- 
out interruption, it never, or at least has never resulted 
in an explosion or anything approaching one. but it 
gradually exhausts itself, and the fulminate is left be- 
hind as a gray crystalline ])owder. If, when manufac- 
; turing, the temperature of the atmosphere falls below 60° 
F, it generally suffices to plunge the flask containing the 
alcohol and mercuric nitrate into warm water until the 
effervesence begins in the mixture, and then to remove 
tiie flask and place it in the open. When once the ac- 
ition begins, it will generally continue until the reaction 
ie completed. Sometimes, however, the atmospheric 
I temperature has been too low even for that, and in such 
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: I have wrapped the flasks in heavy felt, placed 
them in tin boxes and saturated the felt with hot water. 
Ill any case the operation should always be conducted 
under a good draught and out of the presence of mdeed 
lighte, or other Bources of ignition, for the dense white 
fumes evolved contain mercury or mercurial compoundu, 
which are poisonous when inhaled, and also ethyl nitrite, 
which is highly inflaramahle and which forms an explo- 
sive mixture with the air. The reactions attending the 
formation may, perhaps, be repi-esented as follows: 

(1) HNO3 + 3Hg = 3Hg (NOa)^ -I- NA + 4HjO. 

(2) tiHNOj + 2NA = 2HX0a + 2NA. 

(3) CJf„OH + HNO, = aH„ONO + H,0. 

(4) CjHjONO + HNOj = H^C^NA + 2H,0. 

(5) HANA + Hg(N03V= HgCNA + 2HN0, 

From these equations we should theoretically ohtaint 
14.2 parts of mercury fulmmate from every 10 parts o( 
mercury used, but the best practice has not yielded more 
than 11.8 to 12.4. If the operation has been conducted 
as described the fulminate will be found as a pasty mass 
of fine gray crystjils of a perfectly uniform color, and, as 
near as may be, uniform size. If solids of different color* 
are observed, or if globules of metallic mercury are seeOf 
the operation has not been properly carried out and the 
charge is unfit for service use. 

When the action has ceased in the flask we find tb^ 
that the flask is so warm that it can barely be touched' 
by the hand. It is now allowed to cool, and then it ia 
filled with well filtered water, shaken, allowed to stand 
until the fulminate has fallen to the bottom, and then 
the clear supernatant liquid is decanted, and this opera- 
tion is repeated until the decanted wash water fails to 
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f^ve the least acid reaction to litmus paper, 
fulminate is trmisf erred to a stone-ware or glass vessel 
where it is kept well moistened with water until desired 
for use. During the washing extreme care should be 
taken that no fulmiuate aecmuulates on the dishef or 
floor, or is carried into the drains, for serious accidents 
have resulted in factories from small quantities having 
been spilled and remained unnoticed until they have 
dried and then been exploded hy a. person treading oil 
them. Should any be spilled it should he destroyed by 
means of a solution of an alkaline sulphide. 

Mercury fulminate, as thus obtained, is in the form of 
fine crystals which appear under the mioroseope to con- 
sist of orthorhombic crystals which are twinned at right 
angles along the vertical axis. It is found by experience 
that the finer crystids are better for use in detonatoi's 
than the coarser ones. 

Dry, mercury fulminate explodes violently when struck 
©r compressed, or rubbed between hard surfaces, when 
heated to 186° C, when touched with strong sulphuric 
nitric acids, when in contact with sparks from 
flint and steel or the electric spark. When wet with 
thirty percent of water it is inexplosive, that is its ex- 
plosion cannot be induced by any of the above-mentioned 
means, hut I have recently proven that it may be com- 
pletely and readily detonated, even when completely sat- 
urated with and immersed in water, by the detonation of 
a small amount of dry fulminate in contact with it. 
Though Abel has been able, under carefully contrived 
Kconditions, to cause mercury fulminate to undergo a 
gradual combustion, yet, in practice, dry fulminate, even 
iirhen unconfined and even when in vacuuo, detonates. 

The density of mercury fulminate is 4.42, Its heat of 
ormation* {for one equivalent 284 grams) is — G200O 
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calories. Its heat of combustion, in an inert atmosphere, 
is -{- 116000 cal. for constnnt volume and -|- 114500 for 
constant preasure. This quantity of heat would be suffi- 
cient to raise the temperature to 4200° C. Its heat ( 
combustion in air is -j- 250900 cal. The reaction attendb 
ing its decomposition may be represented by 

HgCjN.O, = Hg + 2C0 + Nj, 

and from this equation we find that 1 gram of fulminate 
should yield 235.8 r^ of gas. From five determinations. 
Berthelot and Vieille obtained 234.2,.^. Therefore one , 
equivalent (284 grams) furnishes 66.7 liter.s of gas t 
0° C and 76 cm. 

From the above equation it is seen that mercury ful- ' 
minate does not give rise to the fonnation of any sub- 
stance capable of undergoing a notable di.s.'fociation under _ 
the conditions of the experiment, con.sequenlly no gradu^ 
recombination can take place during the cooling whid 
would retard the expansion of the gas and diminish the" 
violence of the initial blow. This explains the brusque- 
nesa of the explosion. It would be still more brusque 
but for the condensation of the mercury vapor. In s 
cases the nature of the product explains the character c 
the explosive blow. 

When mercury fulminate Is mixed with potassiu 
nitnite or potassium chlorate and exploded, the followii 
reactions may take place: 

5HgC,NA + 4KNO3 = 3ng + SCO, -I- 7N2 + 2KjC0 
3HgCjNA + 2KCIO3 = 3Hg + 6C0, -|- 3N, + 2KG 
the first of which evolves -|- 227400 cal., and the seconi 
-|- 258200 cal., the heat evolved here being double thai" 
from the pure fulminate, but the initial blow is tempered 
here by the phenomena of dissociation, due to the carbon 
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Itoxide, which render these explosive i 
brusque in their effects. The temperature is also re- 
duced at the outset by the distribution of the heat among 
the more considenible mass of products. 

The superiurity of the power of mercury fulniinate is 
manifested best when in contact with a body, and it ia 
due to three causes; the nearly instantaneous deconiposi- 
, tion of the body by simple iniianimation; the almost 
total absence of dissociation proilucts, and, finally, the 
j^reat density of the explosive. By reason of these con- 
ditions, the definite products of the reiiction appear to 
form all at once, before the matter has time to take a 
volume notably superior to tinit of the primitive solid. 
If, then, the fulminate detonates in a receptacle, in 
contact with the sides of the same, it developes ou it, at 
the start, an instantaneous pressure which bears no defi- 
nite relation to the mean pressure controlled by the ca- 
pacity of the receptacle. Berthelot and Vieille have 
sought to estimate the pressures developed under these 
conditions of contact, and they find that the curve for the 
explosive substances, representing the tension in a closed 
essel, tends rapidly toward an asymptote. Admitting 
lis, mercury fulminate with an absolute density of 4.42 
^11 develop in contact a pressure of 48000 atmospheres, 
Tvhilst compressed gun-cotton, with a den.sity of 1.1, such 
as is employed for military purposes, will develop in con- 
only 24000 atmospheres. Calculation will show that 
lo other explosive known will give in contact an instan- 
neous pressure at all comparable to that of the fulmi- 
inate. Without insisting too strongly on these numbers, 
it appears useful to notice them since they mark the gen- 
;eral relations of these phenomena. The superiority of 
the effects produced by the explosive shock of the fulmi- 
late over that of other explosives is explained by this 
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circumstance joined with the absence of dissociation; 
nothing can resist direct contjict with this explosive. 

In one Berthelot and Vieille's experiments the fulrai*J 
nate was deposited on the bottom of the steel calorimeter J 
used, and while the mean pressure, calculated in advance^!] 
could not have been more than 50 atmospheres, yet the! 
steel vessel was bruised all over the surface occupied hjM 
the charge, the contours of which were found impressed J 
on the metal. 

We know that fulminate of mercury is eminently fittet 
for determining the nearly instantaneous propagation ttfl 
detonation^ (which is so distinct from inflammation, I 
properly called), aad which is indispensable for causing J 
dynamite and compressed gun-cotton to develop their eO'^ 
tire power. Berthelot has given elsewhere* a generalfl 
theory in explanation of these characteristic effects,! 
which refers the violence of the initial blow to thel 
brusqueness of the successive decompositions, and alsorl 
to the enormous pressure exerted at the point of contact 
during the course of these decompositions. These results 
sustain this theory and show why tlie fulminate of me> 
cury is particularly adapted to provoke true detonation 
in other esi)losive bodies. 

Mercury fulminate is largely used for filling percussion 
caps. For this piirpose 100 parts of the dry fulminatel 
are rubbed to powder with 30 parts of water, 50 to 62.fi 
parts of saltpetre and 20 of sulphur, the rubbing I 
effected by means of a woodeu pestle on a marble slab; 
This mixture is dried sufficiently to admit of being graa-d 
ulated, after which it is forced, by means of machinerj 
into the copper caps, and simultaneously covered witl 
either a layer of varnish or tin-foil, to protect from damp.^ 
The best varnish for the purpose is a solution of guntl 
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xna»tjc in oil of turpentine. The caps are finally dried 
by a gentle heat, and packed in boxes. One kilogram of 
iXnercury converted into fulminate suffices for the filling 
of 40,000 gun-caps of the larger or military size, and for 
■67.600 caps of the size used by sportsmen. 

Its use in the torpedo service is confined to the filling 
of detonators. The U. S. Navy detonator consists of a 
copper case made in two parts. The lower part is a No. 
56 metjvllic cartridge case and is 1| inches long and ^J 
inches in diameter. The upper part is a copper tube, J 
inches long and J| inches in diameter, open at both ends, 
which has been cut from a No. 38 metallic cartridge case. 
A j*^inoh thread is cut on each of these parts no that the 
upper part or cap screws nicely on to the lower part. 
The lower part is filled with fulminate of mercury up to 
tlie lowest thread of the screw. The top part is fitted 
with R plug made of sulphur and glass, through which 
the detonator legs pass to connect the bridge with tlie 
wires leading to the battery. When the fulminate is dry 
the spaces in the lower case and the cap are filled with 
pulverulent dry gun-cotton, and then the parts are 
i»crewed together. 

The making of the plugs, bridges and other parts, and 
ihe priming, closing, painting and packing of the detona- 
wrs is carried on at the fuse room. The making of the 
'ulminate and the charging, drying and testing of the 
■tharged cases are carried on at the laboratory under the 
lupervision of the Chemist, For this purpose the cases 
*re supplied in wooden blocks which hold them verti- 
sally. They are first carefully washed in gasoline, to 
iree them from the oil and grease with which they be- 
come covered during the cutting of the threads, and then 
well dried. 

A portion of the wet fulminate is then placed upon a 
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linen filter and, when niowt of the water is drained off, 
the filter and contents are squeezed dry; the alcohol i 
poured over the fulminate in successive small porttoos • 
until the last traces of water are removed. A portion 
uf this fulminate is placed in a glass funnel with a grad- 
uated glass Htem, the mouth of the stem is closed by the 
finger, and with a copper rammer the fulminate is forced i 
into the stem until it reaches the mark for 35 grains. J 
Then the finger is removed, a case slipped over the stem, 
and the fulminate is forced into the case and rammed tight- 
ly home with a copper or wooden rammer having a shoul- 
der, which allows the top of the fulminate to be forced just- . 
to the bottom of the screw-thread. The charged casea j 
are then replaced in the blocks and placed on shelves in | 
a dry magazine to dry. Until recently the detonators 1 
were charged with fulminate wet with water and required I 
three months to dry; by the present method we can dry ] 
them thoroughly in one week, and in a wai-ra, dry, well | 
ventilated room, in two days. This drying is of the J 
utmost importance. When dry, the chemist tests them by 1 
firing ten percent of them in gun-cotton or on iron plates^ I 
and if no failure.s occur the remainder are sent to thft ] 
officer in charge of the fuse room. 

Other forms of detonators, known as blasting caps, wiH'J 
be found for use in the arts. They are of two forms andl 
of several grades. They G0n,sist of thin copper caseB; 
about 1^ inches long and \ inch in diameter. In one I 
form they are open at the mouth, and these are fori 
use with the Bickford or similar time fuses which are ta;| 
be lighted by a match. For this purpose a piece of fust 
of the desired length is inserted in the mouth of the capl 
so that the fuse composition touches the fulminate, and 
then with suitable pinchers or crimpei-s the mouth of thfrj 
cap is tightly closed around the fuze. In the other formJ 
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le mouth is closed with a wooden plug, sealed with 8ul- 

«r and glass, which carries the legs connecting the 
ridge with the leading wires. This form is fired by 
electricity. 

The different grades are known as single, double, 
triple, quadruple and quintuple force caps. The single 
force caps contain three grains of the fulminate, the 
others increase by three, so that the quintuple contains 
fifteen grains. The fulminate usually consists of 75 
parts of mercuric fulminate and 25 parts of potassium 
chlorate, and it is pressed into the cap under a pretty 
high pressure. Sometime a little gum, dissolved in alco- 
h(»l, is added to make the mass more coherent. The ob- 
ject of using the chlorate is to cheapen the cost and to 
render them more certain in firing low grade powders 
containing a gunpowder dope. The presence of chlo- 
rates, nitrates, sulphur, and the like, give rise to flame 
and incandescent particles, whereas mercury fulminate 
per se does not produce either. 

Blasting caps are tested by firing the cap in a cork so 
placed that the base of the cap is flush with the bottom 
i the cork. The whole is then placed on a sheet of 
Iwedish iron, which is supported on blocks placed under 
each of its four corners, and the cap is fired. A good cap 
should blow a clean hole through No. 14, A. W. G., iron. 

Silver Fulminate: Silver fulminate lia.s a composition 
jimitar to that of mercury fulminate, except that the 
acid hydrogen is replaced by silver instead of mercury. 
Its compo.sition may be represented by the formulas 
Ag,C,N,0,. 

According to Gay-Lussac and Liebig it may be pre- 
pared by dissolving one part of silver in 20 parts of nitric 
acid (1.308) and pouring this into 27 parts of alcohol of 
87 percent. The mixture is heated to the boiling point, 



wlien it becomes turbid, it is removed from tli ^ 
heater and mixed with another 27 parts of alcohol t*^ 
moderate the action. After the liquid is completel _^ 
cooled about one part of silver fulminate is obtained. 

The preparation of this eubst«nce requires the greate^r^ 
caution. Capacious vessels must be used, so that thfc. ■ 
liquid may not boil over, us in that case the salt migh:^ 
dr}' on the outside and then explode. AH flame must \t^ 
removed to a distance lest the vapors should take fir*= 
The mixture must be stirred with wooden rods and nc:*- 
with glass rods or other hard bodies. Contact with hai~<^ 
bodies should especially be avoided after the preparatio:! 
is dry. Paper shovels must be used to transfer it, and £ w t 
must be kept in vessels of paper or pasteboard, not a^^^ 
glass, as an explosion might arise from the friction of the-^^ 
glass stoppers. The vessels holding it must be loosely 
covered, as an explosion might arise from pressing the 
cover of the box on to tit it. 

Silver fulminate forms small, white, opaque, shining 
needles, having a strong bitteri.sh metallic taste, and is 
very poisonous. It is hut slightly soluble in cold water, 
but dissolves in 36 parts of boiling water and separates 
on cooling. It dissolves much more freely in aqueous 
ammonia, and is left behind unaltered as the ammonia I 
evaporates. When exposed to white or blue light it ' 
gradually blackens, giving off carbon dioxide and niti-o- 
gen, and leaving a black substance mixed with a small 
quantity of the uudecomposed salt. It explodes much J 
more violently than mercury fulminate by heat, by the J 
electric spark, by friction or percussion, or by contflct ] 
with oil of vitrei. A temperature of 130° C is suflS- 
cient to explode the dry fulminate. In the moist state J 
it requires a much harder blow to explode it than when ' 
dry, but it will sometimes explode, even under water. 
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l)y friction with a glass rod. It explodes with peculiar 
readiness when rubbed with glass-dust or sharp sand, and 
also, when dry, with the edge of a card. It may, however, 
be rubbed to powder in a porcelain mortar with a cork or 
with the finger. When well washed, and then exposed 
to the sun imtil dry, it explodes on the slightest touch. 
According to Schmidt, oil of vitrol causes moist silver ful- 
minate to detonate as strongly as the dry substance. If 
unconfined gunpowder be mixed with silver fulminate, 
the gunpowder is not ignited by the explosion of the 
latter, but merely scattered about. When silver fulmi- 
nate is thrown into an open bottle filled with chlorine 
gas, it explodes before reaching the bottom, and there- 
fore the bottle is not burst. It is used for making crack- 
ers and detonating toys. 

Besides those mentioned, a large nimiber of other salts 
of fulminic acid are known, all of which are unstable and 
explosive. 
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GUN-COTTON. 

Gun-cotton is, as its name implies, an explosive made 
from cotton. It is only necessary to immerse pure dry 
cotton in a mixture of the purest and strongest nitric 
and sulphuric acids to convert tlie cotton into gim-cotton. 
,Xhe purification of the cotton, the conversion of the cot^ 
m into gun-cotton, and the purification of the gun- 
tton are all somewhat difficult of attainment, and hence 
the manufacture involves some lengthy and rather com- 
plicated processes. The necessity for these processes 
and their rationale can best be sho^vtl by reviewing the 
history of gun-cotton, for, in common with most of our 
modem processes, the present degree of attainment has 
been reached only through the labors and studies, the 
failures and successes of many investigators. 
; In 1832 Bracconot discovered that when starch, lig- 
neous fibre and analogous substances were treated with 
concentrated nitric acid, a highly combustible body, which 
be termed xlyoidine, resulted. Pelouze repeated these 
experiments in 1838 and extended his investigations to 
OOtton and paper, which he held were best adapted for 
le production of this substance. He found. that the 
idy could be inflamed at 180" C, either by a blow or by 
strong pressure, and he recommended its use In pyio- 



techny. Later, Dumas prepared from paper, by this 
means, a substance which he called nitratnidine, and 
which he proposed for use in making cartridges. 

The products thus obtained were, however, found to 
be irregular in composition and unstable, and so no prac- 
tical result flowed from these researches, until late in 
1845, when Schoenbein of Basle announced the discovery 
of an explosive, which he called gun-cotton, and which 
he claimed could be used for all the purposes for which 
gunpowder was used, while it was four times as powerful 
as the latter. He kept his method of manufacture secret, 
but in August, 1846, Boettger of Frankfort proclaimed 
his ability to make gun-cotton, and on conferring to- 
gether it was found that the methods employed were ihe 
same, and hence the two formed a partnership for dis- 
posing of their secret to the German government, and 
the method remained unpublished. 

However, on October 5, 1846, Otto of Brunswick gave, 
in the Augshurger AUgemeine Zeitungj a description of 
a process for making a gun-cotton which closely resem- 
bled that of Schoenbein's, and which consisted in plung- 
ing purified cotton into very concentrated nitric acid for 
about one-half minute and then washing and drying with 
great care, while nearly at the same time (1847) W. Knop 
of Hanover and Taylor of England discovered that gun- 
cotton could be prepared by using mixtures of nitric 
and sulphuric acids. These discoveries forced Schoenbein 
and Boettger to reveal their secret and it was found that 
they too were using the mixed acids, the strength and 
proportions being as follows : 

Rp. Or. Parts by Weight. Parts by Volniiw. 

Nitric acid, 1.45 to 1.50 1 1 

Sulphuric acid, 1.85 3 2.3 

The acids were mixed in a porcelain or glass vessel 




cotton 

I the proportions being one part of cotton to from twenty 
to thirty of the acid. After about. one hour the cotton was 
removed, washed in a large quantity of water, then in a 
Bolution of potash to remove the last traces of acid, and, 
finally, with pure water to remove the salta which had 
been formed. The material was then wnnig out, im- 
, prvgnated with a weak solution of saltpetre, again wrung 
i out, and finally dried at a temperature of 65° C. 
I Taylor's process differed only iu using one part of cot- 
fton to fourteen of the mixed acids. Heeren and Kar- 
^arsch used one part of fuming nitric acid to two of Eng- 
i.i>ih sulphuric acid, while Knop used equal volumes of 
Ithe two acids. Both of these latter allowed the cotton 
ito remain but from four to five minutes in the acid. 
I From this time, experiments were undertaken in the 
[^Jnited States, Germany, France, England and Russia, to 
i*e?t the value of this explosive as a substitute for gun- 
I'yowder in guns, but the material was found to be quite 
j"*instable and gave rise to several terrible, and at the 
\ ijme, inexplicable explosions at Vincennes, Bouchot and 
Taversham, (1847-48), which, combined with the grave 
political disturbances of the time, led to the discontin- 
uance of the experiments, escept in Austria, where Baron 
Von Lenk was engaged in its study. 

From a consideration of all the attending circumstances 
he concluded that the accidents above noted were due 
either to the failure to purify the cotton perfectly; or to 
the use of too weak acids, or too short an immersion, so 
that the conversion was incomplete; or to the failure to 
remove tlie acids completely from the gun-cotton. 

The impurities which are present in cotton are of two 
kinds, natural and artificial. The natural consist of in- 
ig matter and oily matters. The artificial of oil 






and dirt generally, and water. When impure cotton is 
immersed in the acid mixture, the incrusting substance 
and greasy matters are acted upon' by the acids and form 
compounds which are quite unstable, and which, if pres- 
ent in the gun-cotton, may give rise to decomposition in 
the gun-cotton itself. The moisture present serves both 
to dilute the acid mixture and to cause local heating dm^ 
ing immersion, which causes waste of material and may 
give rise to the fonnation of unstable compounds which, 
if present in the gun-cotton, may also provoke sponta- 
neous decomposition. 

The use of weak acids or too short an immersion pre- 
vents the complete conversion of the cotton into the sta- 
ble military gun-cotton. All chemical reactions require 
a certain time for their completion, and this is especially 
the case when the physical structure of either of. the re- 
acting bodies is such as to prevent rapid contact between 
them. The physical structure of cotton is such as to 
notiibly prevent the acids from rapidly coming in contact 
with all its parts, for it consists of long, flat, twisted 
tubes which have been collapsed along their longitudinal 
axes, so tliat a cross section presents the form of a figure 
eiglit. It can readily be understood that a considerable 
time niustela])se before the acid can penetrate completely 
into the interior of such a tube so as to convert all it5 
substance into gun-cotton. 

For the same reason it will be understood that it must 
be very difficult to expel the last traces of acid from such 
capillary tubes, yet, if any trace of acid remains in them, 
it is likely to provoke progressive decomposition in the 
gun-cotton. 

Von Lenk's process consisted in: 
1st. The cleansing and perfect dessicaiion of the cotton. 
The cleansing was effected by first removing the 




t and knots by mechanical meansTuien immersing 
the cx)tton in small portions, for two or three min- 
utes, in a boiling solution of caustic potash {Sp. Gr. 
1.021), in order to remove the fatty matters and in- 
crusting substances, then removing the potash liq- 
uor by means of a centrifugal machine, and washing 
with pure water and, finally, drying at 95° F. At 
ordinary temperatures cotton wool exposed to the 
air absorbs 6 percent of moisture. 

id. The employment of the strongest acids attainable in 
commerce. These conwisted of nitric acid Sp. Gr. 1.48 
to 1.49 at IT^-oC and sulphuric acid Sp. Gr. 1.835 
mixed in the proportions of one part, by weight, of 
nitric to three parts, by weiglit, of sulphuric. 

d. The steepifig of the cotton m a fresh strong mixture 
of adds, after its first im-mersion and partial con- 
version into gun-cotton. A pot holding about 60 
pounds of the acid mixture was used for the dipping, 
and two skeins (about 3 ounces) of cotton were dip- 
ped at each operation. After some minutes, the 
partially converted cotton was removed from the 
pot, placed upon a rack and squeezed until one part 
of the cotton contained about ten and one-half parts 
of acid. The pressed cotton was now placed in a 
steeping pot and fresh acid poured over it, while the 
dipping pot was refilled to its original level with acid. 

h. 7%* continuance of the steeping for twenty-four to 
forty-eight hours. After the gun-cotton had been 
placed in the steeping pot and the acid added, the 
gun-cotton was pressed to the bottom of the pot, so 
that it would be completely covered with the acid, 
the pot was then covered, placed in a trough of 
cool water and allowed to remain for the time 
stated. 



•5th. The thorough purification of the gun-cotton, so pro- 
duced, from every trace of free acid. To effect this* 
the gun-cotton was placed in a centrifugal machine^] 
revolving at about 800 turns per minute, and in aijoutT 
ten minutes the acid present was reduced so tha^l 
one pound of the gun-cotton contained but tliresl 
poundis of acid, The gun-cotton was then plunga 
into a cascade of water and washed in a runnin] 
stream of water for from three to siK weeks, andl 
then treated with a weak solution of boiling potaisl^ 
washed and dried in free air at 25° C. Then thefl 
gun-cotton was immersed for some time in a solu-] 
tion of sodium silicate {Sp. Gr. 1.072), wrung, andJ 
exposed for three days to free air, again washed,^! 
wrung and dried, first in free air, and finally in I 
chamber whose temperature did not exceed 35" C. 
Von Lenk began the manufacture at Heitenberg, neatl 
Wiener-Neustadt, about 1853, and continued to direct thel 
factory up to 1865, during which time considerable quanta 
tities of the material were made, and extensive experi 
ments, on its value as a substitute for gunpowder as t 
projecting agent, were conducted with it, and the results 
were so favorable that in 1862 the Austriana supplied thirty^ 
batteries with gun-cotton cartridges, and the explosivfli 
bid fair to soon be adopted as a service explosive, but,,! 
unfortunately, two serious explosions during storage oo-J 
curred, one at the magazine at Simmering in 1862. anSM 
the other at the magazine of Steinfeld in 1865, and thes^J 
combined with the fact that the explosive, in spite of th&9 
precautions taken, often developed abnormal presauresa 
in the guns, led to its use being interdicted. 

Von Lenk patented his process in England in 1862, and 
in 1864 the Prentice Brothers began the manufacture of 
gun-cotton under this process at Stowmarket. In 1865 , 



patented his improvement on the process. Thia 

consisted in reducing the gun-cotton to a pulp, and then, 

by molding and pressure, converting it into such forma 

and masses aa were desired for use. The pulping waa 

p effected by a rag engine or pulper, such as is used in 

j converting the rags used in making paper into pulp. 

' The advantfige gained by this is, first, that the gun-cotton 

j tubes are cut into such short lengths that the acid and 

" foreign matters can be easily and completely removed 

ii from the fibre; second, that cotton waste, a cheaper 

I, material, can be used for the manufacture; and third, 

I since the pulped material can be pressed, it ia posssible to 

impart to the final product a high density and thus 

I obtflin a large weight of the explosive in a small volume. 

I Abel's modifications were shortly afterwards adopted at 

; Stowmarket, and the manufacture and use were succesa- 

I fully pursued without accident until August, 1871, when 

I 13^ tons of the compressed gun-cotton, which was stowed 

in the packing-house at Stowmarket, exploded- A very 

f thorough investigation of tlie circumstances attending this 

[ explosion was made, and, as a result, the jury found " that ' 

the accident was due to the spontaneous explosion o£ 

il some impure gun-cotton, the impurity consisting in the 

] presence of a large quantity of sulphuric acid, or of 

i| mixed sulphuric and nitric acids, which acids were wil- 

I fully added by some person or persons unknown, after 

the gun-cotton had passed through the regular process of 

manufacture and testing." Since then we have no record 

of any cases of spontfineous explosions having occurred, 

and it is very unlikely that they shoidd have taken place, 

for, thanks to Brown's discovery, the finished product ia 

now almost wholly stored in the wet state. Shortly after 

the Stowmarket explosion the English Government erect- 

ed works at Waltham Abbey, and the French at Moulin- 



Blanc, and the other Eiiropciin governments followed 
8uit, iill of them adoptiug Von Lenk's process with Abel'ii I 
modificfttions. 1 

As has been said above, experiments were made in this 
country, not long after the discovery of gun-cotton, to 
test its value as a projecting charge in guns, but they 
were soon abandoned, as the material was found toQM 
unsafe for use in this way. Experiraeuts were, however, J 
begun again at this Sttition by Professor Hill in 187 
test the value of the compressed gun-cotton, as made by I 
Abel's process, for the use of the torpedo service, andj 
these experiments were continued up to 1883, when oal 
Nov. 14 of that year a gun-cottow torpedo outfit wail 
issued to the U. S. S. Trenton and the material was adopted! 
as a service explosive. The gun-cotton used in these ex-f 
perimenta was obtained from Stowmarket, and that issucdl 
to the Trenton was in the form of cylindrical discs thn 
inches in diameter and two inches high. 

Having been adopted as a service explosive, it was notil 
deemed prudent to depend upon foreign sources for oui 
supply, so a plant for its manufacture was extemporizedj 
at this station, which was set in operation in March, 1884^'! 
and has been continued ever since, manufacturing as thft" 
needs of the Navy have required, so that, to-day, ever] 
ship in commission is supplied with her proper outGt, am 
we have stored in our magazines sufficient material 
meet any immediate demands. Although this plant hai 
been made to serve our purpose, yet it is not to he coo 
sidered a model plant, while its location, as regards wat« 
supply and means of defence, and its arrangements, 
regards safety, leave much to be desired. 

We will now consider the chemistry of gun-cottonJ 
This body, like the compounds referred to in the lectuw 
on the picrates, is composed of carbon, hydrogen, oxygf 



nnd nitrogen, but it diffeif from them in the fact that 
while they are niti-o-suhstitution compounds, this is a 
true siilt, and belongs to the chiss of organic salts known 
a-s esters. It may be designated ns cellulose nitrate, and 
the pure cotton fibre from which it is miwle is chemi- 
cally known as cellulose. Owing to tbe fact that cellu- 
lose is a non-volatile solid, its vapor density has never 
been determined, and so its molecular weight, and hence 
its molecular constitution is unknown. Its ultimate analy- 
sis leads to the simplest enipincal formula of CeHioOj. bnt 
it is probable that its molecular constitution will be truly 
represented by some multiple of this expression. From 
its reactions cellulose may be regarded a.s a tribasic alco- 
hol, the formula then being CsHAlOH);,. 

Cellulose fonns the principal ingredient of the cell 
membranes of all plants, so that it may be obtained from 
any of the multitude of existing plants, but the incmstr 
ing and other substjinces associated with the cellulose, aa 
is readily seen by inspection, vaiy very much with the 
plant in which it exists, so that while wood sawdust and 
a variety of .similar substances have been and are em- 
ployed for tlie manufacture of cellulose nitrates, cotton 
has been found to be the source from which we could 
most easily and readily obtain an abundant supply of 
nearly pure cellulose. The purest cellulose which we 
meet with, however, is probably found in the so-called 
Swedish paper, which is employed in chemical laborator- 
ies for the purpose of filtration. 

When cellulose is acted upon by nitric acid or mixtures 
of nitric nnd sulphuric acids, the hydrogen of the hydroxyl 
is replaced, more or less completely, by NO^, and in this 
way various cellulose nitrates may be obtained. The 
composition of the pi-oducts resulting from this action 
depends upon the strength of the acids employed, the 
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proportions of acid used, the temperature during iinmeiyJ 
sion, and the time of immersion. If the acids are i 
follows: 





Bp. Gr. 


rnH» by Weight. 


HNO„ 


1.60 


1 


H,SO., 


1.85 


3 



the proportions of cfiUulose to acid is as 1 : 300, the timi 
of immersion ten minutes, the time of steeping furt; 
eight hours, and the temperature about 15° C, then we 
ought to obtain the most complete conversion of the cellu- 
lose, and the reaction would be represented as follows 
(CeH,0,)OjH, -j- SHONOj = {C^U^O^p^i^O^), + 3H, 

The cellulose nitrate so obtained is familiarly knowi 
as the "trinitro-cellulose" and, according to Abel, it 
the principle constituent of the military gim-cotton. 

By the action of weaker acids, or other changes in tl 
qualifying conditions, cellulose nitrates, in which le; 
the hydroxyl hydrogen is replaced, are obtained, an( 
they are generally represented by the formula (C,HtOj}- 
03(N0,)aH and {C6HA)03(NO,)H2, the bodies being caUed 
"dinitro-cellulose" and "mononitro-cellulose" resp< 
tively, and it la claimed that these lower compounds ma; 
be readily distinguished from the higher by the action 
solvents upon them, the lower compounds being solubl 
in a mixture of common ether and alcohol, while 
"trinitro-cellulose" is insoluble in this mixture. 

From the difficulty attending the study of non-volatile 
bodies like cellulose and its esters, it is to be expected 
that differences of opinion will exist regarding their ex- 
act c<mstitution3, hence we are not surprised to find that 
Vieille, from his researches, holds them to be more com-, 
plex than they have, following Abel, been represeni 
above. Vieille* regards cellulose as having the com] 

cxplmtvc 2, S2S; 1883. 
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Ftion CmH^jOhh and by acting upon it with a mixture of the 
Btrongest nitric and sulphuric acida at 11° C, the cotton 
being to the acids us 1 : 100, or 150 by weight, he obtained 
CmH3,Oki(N02}ii. called the endecanitrate, and which is 
completely insoluble in the mixture of ether and alcohol 
but completely soluble in ethyl acetate (acetic ether). 
Kitric acid {.Sp. Gr. 1.502) alone gave CaHaoOaolNOj),,,, the 
] decanitrate, which was completely soluble in ethyl acetate 
and slightly soluble in ether-alcohol eolution. With 
weaker acids he obtained successively CMH3iOa,(N02)B the 
nononitrate, and Ca4H320a,(NOH)a the octonitrate, both of 
which were soluble in ethyl acetate and in ethei^alcobol; 
the Ca|Hj30iio(NOa)7, the heptanitrate, which gelatinized, 
without true solution, in ethyl acetate and ethet^alcohol ; 
the CMH340jo{NOa)8, the hepanitrate, which swelled up in 
*thyl acetate without dissolving, and which was unacted 
Upon by ether-alcohol ; and. finally, the Cj,H3aOjo(NOi)B 
liand Ca|H3oOai(NOi),, the penta- and tetrauitratea, which 
sVere obtained as friable pastes and were unacted upon 
%y either the ethyl acetate or ether-idcohol When the 
ncid was still more dilute the resulting product gave the 
iodine reaction for unconverted cellulose. As has been 
baid, the " trinitro-cellulose " of Abel, or the endeca- and 
(decanitrates of Vieille, are (/tin-cotton, the other cellulose 
titrates being known as pyroxylin^ and those of them 
which are soluble in ether-alcohol collodion gun-cotton. 
' These latter are called collodion gun-cotton from the fact 
I that the solution which they form with ether-alcohol, 
when exposed to the air, gives up its ether and alcohol 
by volatilization and deposits it'< gun-cotton as a gummy, 
colloidal, strongly adhesive film on the body with which it 
IB in contact. This solution, known as collodion, is em- 
ployed for coating the surfaces of the plates used in the 
wet process of photography, and it is also used in sur- 



While gun-cotton is a powerful explosive, and in fact < 
a high explosive, and necessarily dangerous as all exjilo^m 
sives must be, yet, when handled, used and stored ; 
recttid, it ia the safest explosive known, and wlien in thai 
condition in which it is issued from this station, it iffj 
wholly free from any tendency to undergo a dangerouj 
decomposition. Partly owing to this fear which has ex 
isted, and partly owing to nature of the instruction 
given, there have been several instances reported wher*! 
gun-cotton has been condemned and thrown overboard. 
In the majority of these cases I have been able to secur^ 
samples of gun-cotton from the same lots as those 
which the condemned gun-cotton belonged, and I havi 
been unable in any case to discover any indication whafc-1 
ever of dangerous decomposition. 

When gun-cotton is decomposing it first begins to give j 
off nitrous fumes and eventually yields them in sucl 
quantity as to color the surrounding atmosphere a deejfl 
brownish-red. At the same time the gun-cotton begins b 
show pasty yellow spots, and eventually the whole becomei 
converted into a pasty yellow mass which first shrinks I 
about one-tenth of the volume of the originnl gun-cotton 
and then swells up as the gas is evolved. Next the mass 
shrinks again and becomes converted into a gummy residue-— 
having a very much smaller volume than the gun-cottc 
from which it was formed, and finally it dries up to a brow 
horn-like mass. This decomposition results in the forms 
tion from the gun-cotton of oxides of nitrogen, formic a 
acetic acids which are evolved as vapors, and an amon 
phous, porous, sugar-like body almost entirely soluble i 
water, which contains a considerable quantity of glucOM 
gummy matter and oxalic acid, and a small quantity t 
formic acid, and of pectic and para^ and metapecti 
acids. Changes such as these just described have 
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TEeole de pyrotechnie de Toulon (1870)* showed that 
the pressure to be applied increases much more vapidly 
than the density of the resulting product, and that it is 
impracticable to carry the density above 1.4 to 1.5. 

Gun-cotton is said to be less hygroscopic than either 
ordinary gun-cotton or than gun-powder. The normal 
humidity for aiiniry gun-cotton is put at 1.5 to 2 per- 
cent, though it is believed that by prolonged exposure to 
a saturated atmosphere it may reach to 2.75 percent, but 
this does not appear to have any marked effect on its 
inflammability. Accoi-ding to Beckerhinn an increase in 
the percentage of moisture in gun-cotton used for pro- 
jecting charges causes a more rapid fall in the pressures 
produced than in the initial velocities given, which, if 
true, gives a means for neutralizing the brisaut effect of 
gun-cotton on the piece, while leaving us a biilliHtic 
medium much superior in power to ordinary gunpowder. 

Considerable apprehension exists in the minds of many, 
who are not intimately acquainted with the substance, 
regarding gun-cotton, and they are apt to fear that, 
through decomposition during storage or transportation, 
or by the action of ordinary shocks, heat or presaurej it 
may accidently explode. These apprehensions have aris- 
en from the many accidents which have occurred in the 
earlier history of the explosive, some of which have been 
noticed in thif lecture, and which, as has been pointed 
out, were due to the impurities existing in the gun- 
cotton as a necessary result of the imperfect methods 
of production followed, and these apprehensions are 
strengthened by the many accidents which have occurred 
in the past and still do occur with other high explosives, 
lid which many appear to think is a necessary conse- 
aence of their use. 
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cotton it is necessary that the Rmoiint of acid present 
should b« very much in excess of the gun-cotton with 
which it is in contact, hence the development of slight 
traces of acid during the storage of wet compressed gun- 
cotton, as has been obseired by Abel, is not likely to 
produce dangerous decomposition, while besides the water 
present tends to prevent any considerable rise in temper- 
ature. 

It is well-known that light rays sometimes play an 
important part in inducing chemical change to take 
place. We have only to cite the well-known cases of 
the decomposition of carbon dioxide within the leaf-cells 
of plants, or of tlie silver salts in the photographic plate, 
or better, we can recall the decompositions of the amides 
as noted in our lecture on the fulminates. It is not to 
be wondered at that it should be believed and expected 
that gun-Kiotton would also be susceptible to the action 
of light, especially since Tyndall has shown* that nitrous 
esters like the amyl and butyl nitrites may be decom- 
posed by the action of a beam of light. 

The Uterature of gun-cotton and pyroxylin is full of — ^^^ 
the most conflicting statements regarding the effect of nn^^ 

light upon them, but this is not surprising when we con- ~" 

eider the great variety of substances employed and theii — " ^--^ 
varying degrees of purity as made by many different — ^^^— * 

methods. The most searching and exhaustive examina " " 

tion of this question has probably been made by Abel,.^ ■ "-- 
and we quote his conclusions.t 

Gun-cotton produced from properly purified cotton^^— ^=' 
according to the directions given by Von Lenk, may be 
exposed to diffused daylight, either in open air or iia 
closed vessels, for very long periods without undergoing 
any change. The preservation of the material for thret 
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and one-half years under these conditions has been perfect. 
Long-continued exposure of the substance, in a condi- 
tion of ordinary dryness, to strong dayUght and sunlight 
produces a very gradual change in gun-cotton of the de- 
scription defined above; and the statements which have 
been published regarding the very rapid decomposition 
of gun-cotton when exposed to wunlight do not therefore 
apply to the nearly pure cellulose nitrate obtained by 
strictly following the system of manufacture now adopted. 
If gun-cotton in closed vepsels is left for protracted 
periods exposed to strong daylight and sunlight in a 
Bioist or damp condition, it is affected to a somewhat 
greater extent; but, even under these circumstances, the 
«hange pioduced in the gun-cotton by several months 
exposure, is of a very trifling nature. 

Singularly enough it has been found that gun-cotton, 
-which had been freely exposed to air and diffused sun- 
light for about twelve months, had its stability, as de- 
termined by the heat test, very materially raised. 

Gun-cotton wliich is exposed to sunlight until a faint 
acid reaction has become developed, and is then immedi- 
ately afterwards packed into boxes which are tightly 
closed, does not undergo any change during subsequent 
preservation in ordinary storehouses (as far as an exper- 
ience of three and one-half years has shown.) 

Gun-cotton prepared and purified according to the 
prescribed system and stored in the ordinarily dry con- 
dition, does not furnish any indication of alteration, be- 
yond the development, shortly after it is first packed, of 
a slight peculiar odor, and the power of gradually im- 
parting to litmus, wdien packed with it, a pink tinge, 

Abel has also studied the effects of heat upon both dry 
and wet gun-cotton, and he finds* that the influence ex- 
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erted upon the stability of j^n-cotton of average quality, 
as obtained by strict adherence to Von Lenk*s system of 
manufacture, by prolonged exposure to temperatures con- 
siderably exceeding those which are experienced in trop- 
ical climates, is very trifling, and it may be so perfectly 
counteracted by very simple means, which in no way in- 
terfere with the essential qualities of the material, that 
the storage and transportation of gun-cotton presents no 
greater danger, and is, under some circumstances, at- 
tended with much less risk of accident, than is the case 
with gunpowder. 

Perfectly pure gun-cotton resists to a remarkable ex- 
tent the destructive effects of temperatures, even ap- 
proaching 100° C, and the lower cellulose nitrates (solu- 
ble gun-cotton or pyroxylin) are at any rate jiot more 
prone to alteration, when pure. The incomplete conve^ 
sion of cotton into the most explosive product does not, 
therefore, of necessity result in the production of a less 
perfectly permanent compound than that obtained by the 
most perfect action of the acid mixture. 

But all ordinary products of manufacture contain small 
proportions of organic nitrogenized impurities, of com- 
paratively unstable properties, which have been formed 
by the action of nitric acid upon foreign matters retained 
by the cotton fibre, and which are not completely sepa- 
rated by the ordinary, or even a more searching process 
of purification. 

It is the presence of this class of impurity in gun- 
cotton which first give rise to the development of free 
acid, when the substance is exposed to the action of heat; 
and it is the acid thus generated which eventually exerts 
a destructive action upon the cellulose products, and thus 
establishes decomposition which heat materially acceler- 
ates. If the small quantity of acid developed from the 



iaipurity in question be neutralized as it becomes nascent, 
no injurious action upon the gun-cotton results, and the 
great promoting cause of the decomposition of gun-cotton 
by heat is removed. This result is readily attained by 
uniformly distributing through gun-cotton a small pro- 
portion of a carbonate; the sodium carbonate, applied in 
the form of a solution, being best adapted to this purpose. 
The introduction into finished gun-cotton of one per- 
cent of sodium carbonate affords to the material the 
power of resisting any serious change, even when ex- 
posed to such elevated temperature as would induce 
some decomposition in the perfectly pure cellulose pro- 
<iucts. That proportion affords, therefore, security to 
gun-cotton against any destructive effects of the highest 
■temperatures to which it is likely to be exposed, even 
xinder very exceptional climatic conditions. The only 
influences which the addition of that amount of carbon- 
ate to gun-cotton might exert upon its properties as an 
■*xplosive, would consist of a trifling addition to the small 
amount of smoke attending its combustion, and in a slight 
retardation of its explosion, neither of which could be 
regarded as results detrimental to the probable value of 
the material. 

I have observed that when dry gun-cotton is freely 
exposed to air in an atmosphere of a temperature of about 
45° C for about three months, its stability, as determined 
by the heat, is materially raised just as Abel found it to 
be for exposure to diffused daylight. 

Water acta as a most perfect protection to gun-cotton 
(except when it is exposed to sunlight), even under ex- 
tremely severe conditions of exposure to heat. An at- 
mosphere saturated with aqueous vapor suffices to pro- 
tect it from change at elevated temperatures, and wet or 
damp gun-cotton may be exposed for long periods in 
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confined spaces at 100** without sustaining any change. 

Actual immersion in wat^r is not necessary for the 
most perfect preservation of gun-cotton ; the material, if 
only damp to the touch, sustains not the slightest change 
even if closely packed in large quantities. The organic 
impurities, which doubtless give rise to the very slight 
development of acid when gun-cotton is closely packed 
in the dry condition, appear equally protected by the 
water; for damp and wet gun-cotton which has been pre- 
served for three years has not exhibited the faintest 
acidity. If as much water as possible be expelled from 
the gun-cotton by the centrifugal extractor, it is olh 
tained in a condition in which, though only damp to the 
touch, it is perfectly non-explosive ; the water thus left 
in the material is sufficient, not only to act as a perfect 
protective, but also to guard against all risk of accident 
It is therefore in this wet condition that all reserve stores 
of the substance should be preserved, or that it should 
be transported in large quantities. If the proper propor- 
tions of sodium carbonate be dissolved in the water with 
which the gun-cotton is originally saturated for the pu^ 
pose of obtaining it in this non-explosive form, the ma- 
terial, whenever it is dried for conversion into cartridges, 
or employment in other ways, will contain the alkaline 
matter required for its safe storage and use in the dry 
condition in all climates. 

Cold has no effect upon dry gun-cotton, but, of course, 
if low enough, it may freeze the water in the w^et gun- 
cotton, and when the latter is in the form of compressed 
pulp, as now issued, the freezing will cause flaking, crack- 
ing and breaking down of the physical structure with a 
consequent reduction in density, hence freezing is to be 
avoided if possible. 

Alternate changes from heat to cold and the reverse, 




unless excessive, have little effect on tlie physical struc- 
ture and none on the chemical stability of gun-cotton. 

Gun-cotton is not susceptible, even when dry, to pres- 
sure, percussion or friction, unless it he strongly confined 
!ind firmly compressed, and the heat developed is very 
considerable. To explode dry gun-cotton, by percussion, 
with some degree of certainty, it is necessary to take a 
very small piece, wrap it tightly in tin foil, phice it on 
an anvil, strike it several light blows to compress it, and 
tlien a heavy blow. If the latter is not fair it will fail to 
effect the result. As will be seen lat«r, shell filled with 
discs of dry compressed gun-cotton have been fired from 
24-pounderR with service charges of powder int6 the 
masonry escarpment of the fort on Rose Island at a dis- 
tance of 50 yards from tlie muzzle of the gun, where the 
ebell were completely broken up on impact without any 
of the gun-cotton having been exploded. The wet gun- 
«otton is in the process of pressing subjected to a pres- 
sure of about 6300 pounds per square inch, and the pre.s- 
Bure has been carried to over 13000 pounds without caus- 
ing explosion. 

If a flame or any incandescent body is applied to dry 
loose gun-cotton, the latter bums with a flash but with- 
out explosion. If the cotton is woven or twisted tightly, 
the speed of combustion is very much reduced, and when 
tlie gun-cotton is pulped and compressed, the rate of com- 
bustion is reduced still more. If water is poured on a 
disc or block of burning gun-cotton, the flame may be 
estingui-nhed, though sometimes, when the fire is inside, 
it can be reached only with difiBculty. If the mass of 
burning gun-cotton is very large, it is possible that an 
explosion may take place from the outer parts furnish- 
ing sufficient confinement to the inner. Wet compressed 
gun-cotton cannot be set on fire until the moisture is 



( 



i.i 



22 



dried out of it. If a wet diac or block be placed in a fire, 
the outer surface will dry and be slowly coiiKumed, and 
this will continue, layer by layer, until the whole is con- 
Kumed. It is a common experiment here to place a mag- 
zine box filled with wet gun-cotton in a fierce bonfire 
and let it burn away, taking out some of the burning 
discs and extinguishing* them by rolling on the ground 
or plunging in water, and subsequently exploding tlieui 
by detonation. As much as 2000 pounds of wet gun- 
cotton has been placed at one time in a bonfire, where it 
slowly burned away without explosion. 

The point of explosion of gun-cotton and pyroxylin 
naturally vary somewhat, but that of gun-cotton may be 
taken as about 182° C (360° F). Tiie Stowmarket test 
required that it should be above 172° C. 

From what has been said with respect to the products 
of explosion of gunpowder, it might be expected that 
those furnished by gun-cotton would vary according to 
the conditions under which the explosion takes place. 
When a mass of the gun-cotton wool is exploded in an 
unconfined state, the explosion is comparatively slow 
(though appearing to the eye almost instantaneous) sini 
each particle is fired by the flame of that iramediai 
adjoining it, the heated gas (or flame) escaping outward! 
BO that some time elapses before the interior of the mass 
is ignited. But when the gun-cotton is enclo-sed in a 
strong case, so that the flame from the portion first 
ignited is unable to escape outwards, and must spread 
into the interior of the mass, this ia ignited simulta- 
neously at a great number of points, and the decomposi- 
tion takes place far more rapidly ; a given weight of gun- 
cotton being thus consumed in a much .shorter time, a 
far higher temperature is produced, and the ultimate re- 
sults of the explosion are much less complex, as would b< 
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:pected from the well-known simplifying effect of high 
temperatures on chemical compounds. The determination 
of the products of explosion of confined gun-cotton was 
effected by Karolyi by enclosing the gun-cotton in a cast- 
liron cylinder, strong enough to resist bursting, until the 
combustion of the last portion of the charge, which waa 
•uspended in an iron globe exhausted of air, and exploded 
by a galvanic battery; the total volume of the resulting 
IS was then measured and subjected to analysis. Un- 
fortunately the cellulose nitrate used by Karolj'i was not 
pure gun-cotton, so his results are but roughly approx- 
fanate, still (hey indicate that the reaction might proceed 

fcording to the following equation : 

2(C,HA)08{N0a)a = 9C0 + 3C0a + 7H,0 + 3Nj. 
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though, naturally, no single equation would be likely 
to represent the complex reactions involved in an explo- 
sion by ignition. From this equation we deduce that 
CDne gram of gun-cotton yields 829 c£ of gaa at 0° and 
*SG cm., or, with one cubic centimeter of compressed gun- 
^jotton having a density of 1, one volume of thirt guu- 
^jotton would yield 829 volumes of gas. 

The quantity of heat generated in the explosion of 
^un-cotton, according to Roux and Sarrau, is 1056.3 cen- 
tigrade units. The specific heat of the products of ex- 
plosion is 0,2855, and this gives the temperature of the 
^as at the moment of explosion as 3700° C. At this 
"temperature the 829 volumes become expanded to 12064, 
exerting a pressure of 81 tons per square inch if the 
density of gun-cotton is 1. The experiments of Nobel 
and Abel have indicated 4400° C as the temperature of 
explosion, and a pressure considerably more than double 
that produced by gunpowder when fired in a space which 
is entirely filled by the charge. Sarrau and Vieille found 
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Bat at the high pressures the water was dissociated, 
more of the carbon dioxide being formed, Ufing VieiUe's 
formula this may be represented by the equation 

2C,H,0^(N0,)„ = 
24COj + 24CCy + 12HaO + 17H, + 11N„ 

and by calculation we find that the initial pressure e 
erttrd by gun-cotton is over three times that of gunpoi^ 
der, and that, like that of gunpowder, the effect ia i 
duced in practice by the incomplete state of combinati<S 
of the elements and the complexity of the products whica 
they tend to form, and the result ia that the impact be- 
comes less brusque and more regular as the combination, 
becomes more complete during cooling. 

The value of gun-cotton as a military explosive 
much enhanced by the discovery, made in 1868 by E. < 
Brown of the Chemical Department at Woolwich, that ifc- 
could be detonated, even when unconfined, by means o^ 
a small charge of mercury fulminate, and that it couU_ 
even be so detonated when thoroughly saturated witl*- 
water, if only a small initial charge of dry gun-cotton ber 
detonated in contact with it, and this is the methoA 
which is now universally used for producing the explo- 
nion of compressed gun-cotton, for not only is it easy of 
ap|dication and enables us to explode gun-cotton when 
wet, but it causes the explosive to develop its maximu: 
force in a very small interval of time, and thus to pB( 
duce that crushing effect which is desirable in a torpo 
explosive. Berthelot estimates the pre.ssure produci 
by the detonation of gun-cotton of density 1.1, when I 
contact, to be 24000 atmospheres, or about 160 tons : 
squai-e inch, which is one-half the pressure estimated i 
mercury fulminate. Sehert find.s the rate of propagati 
of the detonation, when the gun-cotton ia confined 1 
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tubes of tin, to be from 5000 to 6000 meters per a 
while it is but 4000 in tubes of lead. Piobert found the 
rate of iuQamnmtion in flocculent gun-cotton in free air 
to be eight times that of gun-powder. 

From our experiment we have found that thoroughly 
drj- gun-cotton may be detonated by three grains of mer- 
cury fulminate, and air-dried gun-cotton by five grains, 
provided the fulminate is well confined in copper cases, 
and the cases are in intimate contact with the gun-cotton. 
These conditions are important to success. Notwith- 
standing so small a quantity can effect the detonation, 
■we use thirty-five grains in our service detonators, and I 
■would most urgently advise that the amount should not 
te reduced, for the detonator is the soul of the torpedo, 
and if it fails to do its work the whole system fails. Our 
service detonators do not contain so large a charge of 
Culminate as to make the risk of storing, transporting 
and using them extra hazardous, while they are so cheap 
that by our present expensive methods of manufacture 
they are invoiced at but 11 cents apiece. On the other 
hand it is probable that in action a spar torpedo will be 
put in position to do damage to the enemy only after the 
the exposure and probable expenditure of many lives and 
much property, and it is essential that when in place it 
shall fire without fail. On these grounds I urgently ad- 
vise that we should always have a large co-efficient of 
assurance. 

We have noted that when gun-cotton is detonated it 
exerts a pressure in contact of 24000 atmospheres, and 
that it may be detonated when freely exposed in air. If 
a mass of compressed gun-cotton be placed on an iron 
plate in the open and detonated, we will find a marked 
impression produced on tlie iron plate, provided the latter 
is thick enough to resist rupture, and this impression is 
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an exact reproduction of that face of the gun-cotton ■ 
which was in contact with it. If there are cavities in 
the face of the gun-cotton similar cavities will be pro- 
duced in the iron plate, and by increasing the size of 
these cavities until I have bored holes through the gun- 
cotton, I have been able to increase the cavities in the 
iron plates until I have perforated them. Several | 
theories have been advanced to account for this phenom*! 
enon, but 1 hold it to be a ballaatic one. Where tba|l 
gun-cotton is in physical contact with the plate, we havel 
a statical pressure, but where there are spaces we bav(M 
the gun-cotton above them or the products of its exploi 
sion projected through these spaces and impinging i 
the underlying plate thus producing a kinetic pressure ' 
which probably produces erosion. 

When gun-cotton, or any other high explosive, is 
tamped we obtain a more violent disruptive effect, 
through its detonation, than when it is untamped, for 
confinement brings about the moat complete decompo- 
sition. We speak of it aa untamped when freely exposed 
in the air, but this is not strictly true with a high explo- 
sive for it acts so quickly aa to violently disturb and set 
in motion a very considerable mass of the atmosphere, 
and this atmosphere acta as a tamp. 

Wet gun-cotton appears to be a more \'iolent disrup^| 
ing agent when detonated than dry gun-cotton is, not- ' 
withstanding that its combustion is not so complete. I 
explain this by supposing that the water in its pores, 
being nearly incompressible and highly elastic, increases 
the rate of propagation of the explosive reaction, aii4 
hence diminishes the time factor. 

Gun-cotton may be exploded by influence — that is 
mass may be detonated by the detonation of another d 
not in actual contact with it. We may demonstrate 1 
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by placing discs of gun-cotton on an iron beam, separated 
by intervals of from a quarter to one inch, and detonating 
one of the discs, when the impressions of the others will 
be found on the underlying iron, provided the experiment 
is properly conducted. The effect is increased with the 
size of the initial charge and diminishes as the distance 
parating the masses. It depends too upon the medium 
hich propagates the shock and the sensitiveness of the 
mass to be exploded. Explosion by influence is employed 
in countermining. 

Reference books, Hill's Notes, Proc. U. S. Naval 
Inst, Berthelofs Sur la force des Matieres Explosives, 
Desortiauxa Traits sur la Poudre, Bloxam's Cliem., 
Abel, Phil. Trans. 156, SG9 and 157, 181; Majendie's 
Explosion at Stowmarket 1872, Richardson and Watts 
Chem. Tech. 1 [4], 443; 1867. 
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LECTURE VIII. 



GUN-COTTON-STATION METHODS OF 
MANUFAOTUKE AND TESTING. 

The cotton U!>ed at this Station is the kind known as 
"weaver's" or "cop" waste. It is the tungled clippings 
Uroin the spinning room, and ia received in bjilcs containing 
about 600 pounds each. This form of cotton is prefeiTed 
to cotton ''wool" on the gmund Unit the thready form 
prevents the matcriiil from packing closely together when 
wet by the alkaline solutions, water or acid?* n.sed hi the 
various processes thnnigh which it is passed, and thua 
permits of more complete, uniform and speedy treats 
ment, white it diminishes the chances of fuming dviring 
"dipping." Besides the original cost of tlie waste is lesa 
than that of cotton of a mnrketidile length. The waste aa 
received cnntiiins knots, "cops"(small pieces of ])Hper upon 
which the thread is wound), dirt and oil from tlie nui- 
chines, together with iiicrusting substances, naturally ex- 
intiug on tile tibers, and hygroscopic moisture, all of which 
must be removed before the material is subjected to the 
nitrating process. Hence the first step is the manual 
sorting of tlie waste to remove the larger foreign bcMiies 



Buch as nnils, pebbles, bita of wood, inetjil tind pnpeit 
which are sometimes found in it, and then the waste passes 
to the 

FIEST BOILING-TUB. 

Tliis is a covered tub which is heated bv live steiim. 
as sliowii in Plate 1. The tub is made of while pine 
and has a capacity of 500 gallons. Two Inindred (200) 
pounds of cotton are placed iii tlie tub, to which 250 
gallons of water and 35 pounds of caustic soda are added, 
the steam is turned on, and the whole ninintjiined at the 
boiling point for eight hours. The liquid is then dntined 
oft' from the cotton, which remains thus over night, wh«n 
the tub is filled with clear water and tlie boiling con- 
tinued for eight hours more and again drained over 
night. By the manuril picking tlie larger masses of 
foreign bodies have been I'emoved, By the boiling with 
alkali the oils are saponified, anfl the soap formed acts iis 
a detergent and removes much of the dirt, while the 
boiling alkaline solution acts also as a solvent f()r the 
hicrusting matter. This process affects the fibre, for by 
prolonging the boiling with the alkaline solution or in- 
creasing the amoimt of alkali tlie fibre is materially 
weakened, and iidvantjige may be taken of this to facili- 
tate the operation of pulping, but the gain in this direc- 
tion does not compensate for the loss in the product, 
while the hot, strong, alkali solution ra|iidly destroya 
the tnb. *" 

From the first boiling-tnb the wet cotton passes to t^ 

FIRST CENTRIFUGAL WASHER. 

'lliis is a machine of the ordinary form nnd eonstriM 
tion, as shown, in Piute 2, being 26 inches in dianietrt 
\ inch mesh, and making about 1400 revolutions ] 
minute. From 6 to 7 pounds of the cotton are ] 




tlie cenlrifiigiil nt a charge, the wringer is set in revolu- 
tion and a slrenin of fresh wiiler is turned on the cotton 
wid allowed to play upon it until the slippery feeling 
(due to tlie idkali} has disap|)eured. This operation 
requires ahout 8 niinutefi, and the washing of the wholo 
charge from the Imilinj^-tub reqiiireB two hourn. 
Knnii lien; the cotton passes to the 

FIllST UllVING KOOU. 

This is a room 5 feet 10 inehes by 1 1 feet 4 inches and 
11 feet high, the walUand ceiling«of which are sheathed 
wilii asbestus paper. Around two side« of this rtwm are 
nine rows of shelves or racks made of galvanised in>n wire 
netting 1 to ^ inch mesli. Hot air enters the room from 
Uie final drier tliroiigh a flue i» one side and near the fl<Kir, 
which, after passing abimt and through the cotton on the 
itQielves, issues by a ventilating flue iit the top of Ihe room. 
By the aid of the hot air the temperature of this drying 
room is maintained at n tempemture of about 187" F. 
Tlie cotton from the wringer is wpread on the shelves in 
a layer about 2 to 4 inches thick, and it remains in tliia 
room, heiug turned every day, ailer the second day, 
uutil it is perfectly dry to the touch. The time of dry- 
ing varies from three tu five days. 

From the drying room the cotton passes lo the 



Thi« is the ordinary machine used in cotton mills, and, 
aa t»een in Plate 3, it consists of an endle-ts flexible tuble 
upon wiiicli the cotton is fed, two small horizontal cylin- 
ders, anaed with teeth, rotating in opposite directiomt, 
as shown by the arrows, and a large wooden drum which 
is also armed with teelh. 

An has been gaid, the cotton waste, as received, ia 



badly t^mgled and contains many knots and roll?. It can 
be readily underntood that the stirring and boiling, pro- 
duced by tlie live steam in the boiling-tub, tends to tan- 
gle the mass still more. The complete conversion of 
the cellidose depends to a large degree upon the fonii of 
the cotton when it goes into the acid. If knots and rolls 
be present in the cotton they produce more or less 
"firing," and they are more or less yellow after the con- 
version. The picker serves to straighten out the tangled 
mass and open up the knots and rolls, so that the acid 
may have ready access to the fibre, but the cylinders of 
the picker should be so adjusted that the thread is not 
torn apart during this process. It takes about two hours 
to pass 200 pounds of cotton through the picker, and it 
results in a])out three pounds of loss. 

The cotton passes from the j)icker to the 

FINAL 1)UYIN(; CLOSET. 

This ap|)aratus, which is shown in Plate 4, consists of a 
large (*l()sot G feet 71 inches long, 4 feet wide, and 5 feet 
4i inches hi<»:h,nia(le()f «ralvani/e(l iron, which contains two 
sets cf six (lraw(*rs, i^ich 2 feet wide, 3 feet 10 inches long, 
and 4 inches docp, made of the same material, with the 
cxce|)tion of the bottoms, which are made of galvanized 
iron wire netting: of i to 1 inch niesh. These drawers 
are 5 inches apart vertically with a sheet of -j*g inch gal- 
vanized iron between them which serves to deflect the 
current of heated air. 

Air, which has heiMi drawn over a steam radiator, is 
driven into this closet bv means of a No. 4 Sturtevant 
blower, and led about and through the cotton out to the 
first drying roouL By means of this hot air the tempera- 
ture of the closet is maintained at about 225** F, but has 
varied from 200° to 200° F. 



The cotton from f.ln> j>ii'kor, which contdios from fi to 
10 percent of moisture, as all atmosphcriciilly dry cotton 
(loos, irt spread over the draweia in a layer about 4 inchen 
lliick. and the driiwei-s are then closed. The collon is 
iillowcd to remain in this drying closet for eight hours, 
at tJie end of which time it in eRtimatcd to contain fmm 
.25 to .50 percent of moisture. 

One-half of one percent it* the hir-^est amount of mois- 
ture which gun-cotton may contain at the time of dipping. 
With a larjjer amount, even if it (»nly reaches to one per- 
c?i'iit, n reaction takes phice by ivhich unstable coinpoiuids 
are formed which are not removed by the subsequent treat- 
»iifnt which the gun-eotton undergoes. It i« stated that 

I- amount of moisture which in seriously objectionable. 

Mvhen present in the cotton at the time of dipping it in the 
lpw;idi». may be present in the acids in which the cotton is 
6<li|)ped without material harm to the processor product. 
In onler that the highest nitric ester may be obtained, 
1 i(* essential that the cotton at the time of dipping 
•honid he pure, dry and cool. Hence, in order to cool it 
out of contact with the air. it is packed directly from the 
drawers of the (inal drying closet, and, while yet hot. 
into fiervice powder tanks, the covers of which are 
Bcrewed on air-tiglit, and then the whole is allowed to 
Btand in a cool nKini over night. The loO-pound powder 
tank hohls about ten pounds of cotton when lillcd by 
hand pressure. The thinks containing the cooled cotton 
are then transported by the railway to the 
niPriNr. OR CONVEHTING ROOM. 
This room contains the dipping troughs, acid resoi^ 
'oirs, digestion ]iots and cooling troughs. The 

UIPPING TKOIIOTIS 

Are shown in section at the right hand of Plato 5. Five 



of these, each having a capacity for about 150 |HiumI.s oQ 
mixed acids, are used. They are made uf cast iron, am 
arfi set in an iron trough in which cold water circulutca^ 
which serves to keep the acid beluw 70° F during tlu 
process of conversion. At tlie rear ami top of each 
trough is oil iron shelf or grating, upon which the pai^ 
tinlly converted cotton is s<iucezcd, and iibove this is f 
iron rod to which the hook in the end of the lever prcM 
is attached during the process of squeezing. Only four-^ 
of the Iroiit^hs are used for dipping the cotton in, the^ 
first being used as a reservoir for acid for inimediale 
sumption. The troughs are placed aide by side under fl 
wooden hood, and a flue in tlie rear uf this hood lei 
the acid fumes evol\cd into a vacuum chamber at 1 
rear which connects with the suction |ii[)c of the vei* 
tilating fan that ejects the funics through a Hue i 
roof of the factory. 

ACIDS. 

The acids emj)loyed in the manufacture ;i 
according to the following specifications: — 

SPECIFICATIONS FOR MIXED ACID. 

The Mixed Acid to consist of one part, by weight, i 
nitric Hcid to three parts V weight, of sulphuric acid. 

The Nitric Acid must have a real .iiipeciBe gravity 
not less than 1.5, at a temperature of 15° C, and be fr 
from chlorine and its compounds. The color must not l 
darker than straw. The acid must not contiiin sulpha 
acid in sufficient quantities to perceptibly niise t 
Bperiiic gravity. 

The Sulphuric Acid must have a real specific gravit^J 
of not less than 1.845, and be clear and colorless. 

Proposiils for furnishing the above must include tbtt 
delivery of the mixed acid f. o. b. at Newport. 



The acids nre delivered in wrimglit iron cvli'idrital 
driiina 3 feel 3 iiichea tunir, 28 iiKrhen in diameter, nnd 
1 inph tliirkiflud encli holding ubmit 1200 pounds of mixed 
aeidn. 

With niir i)re-<ont kiimviedjji.' of tho mixed nrid'^ there 
is no cortjiiii method of inspection exrept by the Chemist 
from the Station milking sin examination of the sepiirate 
Itfids at. the nrid works before the aeids are mixed, 
lid then fiipervisiiifj the mixing. A fhoroiif^h ntudy of 
the question will uiidoiibtedly enable ns to discover 
bio.-tns for determining whether or not the mixed iicids* 
ceived conform to the spec ifica lions, but this has not 
)yet been done. A preliminary investigation lias, how- 
ver. shown that the sperific gravity of the mixed acids 
Ik not the mean specifie gravity of the components, and 
\hnt a eontrnclion in volume has taken place. The ex- 
nmination is complicated by the fact that the acid as 
Ti'fieived cuntiiins a white, finely divided solid in suspen- 
sion which does not settle out completely until stnnding 
^or two weeks or more. To remove it by filtration is in 
the nature of things a ditlieult operation, but my Plati- 
num Felt Filter* bids fiiir to enable us to surmount this 
difficulty. This suspended solid appears to be a basic 
«ulphatc of iron resulting from the alight action of the 
acidfl on the metjd of the drums. Notwitlistanding this 
Action these drums offer us the cheapest, safest and 
altogether the most practical means of transporting these 
acids. Before their use the separate acids were brought 
to the Station in glass or acid-proof stoneware carboys 
(tnd mixed when desired for use. While this method 
gave a better check on the qilalily of acid delivered, the 
serious fires and accidents which resulted from lirenkage 
during transportation led to its iibfindonment. 

'Jour. jiniU. Chnii. !. Hl-S4:i; .Inly, 1H88. 
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The ixcid from the drums is pumped into large acid- 
proof 5«tone\vare reservoirs in the dipping room, and from 
there it is led by a conductor into the dipping troughs. 

DIPPING THE COTTON. 

The cotton is weighed out, as used, in one poimd lots. 
Tiiis is then divided into three nearly equal partj$ which 
are successively and rajudly worked into the acids in the 
dipping trough by means of the steel fork shown in the 
extreme left of Phite 5, the separate portions being 
well stirred about in the acid to prevent any local rise in 
temperature. When the whole is immersed a 10-miiiute 
sand glass is turned and the "dipper" passes on to the 
next trough where this operation is repeated. By the 
time he has filled the fourth trough with its charge the 
sand has nui its course above the first trough, so this 
charg(^ is withdrawn from the acid, placed upon the 
grating and sciui^ezed by the lever press as completely a.** 
[)()ssihl(' and then placed in tlie digestion pot. 

LEVEU PHKSS. 

I'liis is an iron bar about 5 feet long luiving a hook at 
one end. A i>late is atta(*hed to the bar by a pivot about 
8 inches from the hook. To use the press the hook is 
attached to the* rod above the dipping trough, the plate 
is |)laced on the cotton and pressure is applied to the 
longer end of the lever. The device is shown in the 
center of Phite 5. 

DIGKSTION POT. 

This is an ordinary two-gallon crock made of coarse 
stoneware, ghized inside and out, and provided with a 
cover, as shown in the center of Plate 5. It is of the 
first importance that the pot should be sound and the 
glaze intact so that no leakage can take place, for if 



moi.sture should reiicb tlie charge in the crock the hitter 
would be "tired." Immediately before use the pot^^ are 
wipt'il out with a little acid so as to remove any moisture 
which miiy have accumulated or condensed on their 
walls. This process i-s technically known as " dryiiig-ont." 
Th'.' mass of partially converted cotton saturated with 
«cid weighs, as placed in the pot, fn>m 30 to 12 {Hiunds. 
When it is put in the pot it is H([ueezed down compactly 
by means of the hand press shown at the left of Plate 5, 
the pot is then covered and placed in water in the cool- 
ing trough where it remains over niglit. A gang of two 
men can thus treat 100 pounds of cotton in a working 
day of 8 hours. 

COOLING TROUGHS. 

These are made of wood 2 inches thick, are rectnngu- 
hir in shape, are lined with lead and provided with a 
watiM* tap at one end and an overflow pipe at the other. 
The latter pipe is just high enough and of such size as 
to prevent the water in the trough from rising above the 
level of the acid and gun-cotton in the pots. The troughs 
are I foot 5 inches wide, 8^ inches deep, and 24 feet 
6 inches long. Each one will hold 20 pots. Six are 
used and one is reserved for emergencies. Cold water is 
kept circulating through these troughs in summer, but 
in winter they are simply filled with water. 

From the cooling troughs tlie gun-cotton passes to the 
ACID WRINGER. 

This is a centrifugal wringer made of mild steel and 
provided with a cover to prevent the acid or acid fumes 
from escaping. The wringer is 20 inches in diameter 
and 9 inches deep, has a | inch mesh and makes 1400 
revolutions per minute. This wringer is shown in Plate 
6, and from this we see that it is provided with a flue 



10 



leading to the ventilating fan by which the fume? are 
driven into the outer atmosphere, while a pipe from the 
bottom leads the extnict^d acid into a receiver in the 
factory cellar. Before using for the day this wringer is 
"dried out" by pouring in a pitcher-full of acid and 
rotating the basket. 

Two pots full of gun-cotton are wrung at one opera- 
tion, and this occupies fmm three to four minutes. The 
operation should be conducted with caution, and extreme 
care should be taken that no moisture or oil reaches the 
mass. As the digestion pots have been immersed in water 
in the cooling troughs, it is necessary to let them drain 
and to dry their outer surfaces before taking them to the 
acid wringer. Several explosions or *' firings," which have 
taken place in wringers, have been traced to drops of oil 
from the machinery, or of perspiration from the faces of 
the workmen, which have fallen on the gun-cotton.* The 
wrung gun-i»otton is taken from the wringer by hand, 
the hands being covered with rubber gloves, and it then 
passes to the 

IMMERSION TUB. 

This is a wooden tub of 800 gallons capacity provided 
with a perforated false bottom, and having a 3^ inch 
inlet and a 3^ inch outflow pipe. At one end is a wooden 
drum 2 feet in diameter provided with feathers, and 
placed so as to be nearly one-half immersed in the water 
of the tub when the tub is filled. This cylinder rotates 
horizontally about its axis and serves as a beater to carry 
the gun-cotton under the water. Above the tub and at 
one side of the beater is placed a wooden box or hopper, 
lined with lead, which is j)rovided with a door in the side 
throucrh which the tj!:un-cotton is introduced into the 

•Proc. Knv. I nut. 13, 417 --i IS; 1887. 
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id a slot in the bottom by wliicli the gun-coti 
I'JB fed to the tub. The whole is Khown iu Phite 7. 

The object of the immersion process is to wash out the 
Jifrei(t4ir portion of acid from the gun-cotton. Ac stated 
nbove, a small quantity of wat-er is likely to cause tiling, 
lience, to effect this washing s^coe^^sfully, it is necessary 
1^ use very smiill portions of gun-c:otton at n time, to use 
■Very large qunntilies of water so as to drown the gun- 
^•otton und to perfonn the opemtioii so quickly that the 
aieid \n removed from the gun-cotton and distributed 
tlirough the great body of water before any iocal heating 
■<!an take place. 

Tlie course pnr.-<ued is as follows: Tlie tub being filled 
ith water, the water flowing at full speed, and the 
^ater being in rotiition, two crocks of wniiig gun- 
itton are placed in the hopper. Then the workman 
inserts hi* hand pi-otected by a rubber glove and, little 
>y little, pushes the gun-cotton through the slot, and this 
»peration is repeated until fifty crocks have been fed intg 
ihe tub. When well washed the gun-cotton is placed in 
I wooden i*Hck to drain. Owing to the scarcity of fresh 
»at*,'r at this Station salt water is nsed in the immersion 
inb, HO the gun-cotton from the tub is wrung out in a 
Eentrifugal wringer, like that shown in Plate 2, and 
Washed with fresh water until tlie salty taste has disa)> 
^ared. Two crocks fnll are wrung at a time, and three 
irashings are generally sufficient. 

' No matter how much the gun-cotton is wiisheil iu cold 
fmter it still retains acids or easily decomposed material 
■rhich can only be removed by boiling, hence, from here 
Hie gun-cotton pa.H.seH to the 

SKtOND *H! (lUN-COTTON BOILINd Tl'B. 

As shown in Plate 8 tins consists of a wooden tub of 
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300 gallons capacity, which is provided with a perforatdl 
false bottom and heated by a steam coil. The inlet pipe 
and coil are cut off from the interior of the tub so that 
the metal cannot come in contact with the gun-cotton. 
Here fifty pots of gun-cotton are boiled for eight hours in 
fresh water to which 10 pounds of carbonate of soda have 
been added, then drained over night, washed in a centri- 
fugal wringer, like the one shown in Plate 2, with fresh 
water, returned to the boiling tub, boiled with fresh water 
for eight hours, again drained over night and again 
washed with fresh water in the centrifugal. 
Then the gun-cotton passes to the 

PULPER. 

This machine, shown in Plate 9, is the ordinary 
"beater," "rag engine," or "Hollander," used in paper 
mills, and consists of a wooden tub 12 feet long, 5 feet 
wide, and 2 feet deep, with curved ends. The tub is 
partially divided along its longer axis by a wooden parti- 
tion (of the same height as the walls of the tub) into two 
parts — the -'working side," in which the gun-cotton is 
shredded between the knife edges on the revolving cylin- 
der and those on the "craw," and the "running side," into 
which the shredded material is thrown by the revolving 
cylinder. The revolving cylinder is of wood, is 28 inches 
in diameter, 28 inches long, carries forty crucible steel 
knives and rotates two hundred times a minute. Under 
the cylinder is a massive oak block, called the "craw," 
the concave surface of which equals one-fourth the ci^ 
cumference of the cylinder. The side of the block lead- 
ing to the curved face is gently inclined, while on the 
side beyond the curved face it is sharply inclined. In 
the center of the craw below the revolving cylinder is 
fitted a box of steel knives, and the cylinder is so ad- 



justed by set screws fttt^iched to the socket in whicli its 
»baft revolves that its knives just clear the bundle of 
knives in the craw. The cylinder is enclosed in a wooden 
cover, extending nearly the length of the partition, to 
prevent loss of the material by ceutrlfugal action, 

From 300 to 350 pound* of gun-cotton are slowly fed 
into tiie pulper, and water is added until, when the cyl- 
inder is revolving, the mass just reaches ihe top of the 
tub to the right of the cylinder, an shown in Plate 9, 
During the feedhig the gun-cotton is held in a wall- 
pocket made of thin boards and canvas, which is placed 
at the iefl-haud end of the pulper. When the cylinder 
is set in revolution the gun-cotton is drawn between the 
knives and sbreddeil and the paste forced over the craw 
where, as it flows sluggishly, it is heaped higher than at 
the other end of the tub, but it gradually flows tt) the 
other end, is drawn again between the knives, and so it 
continues until the whole of the gun-cotton is cut to the 
fineness of corn meal. When the pulper is in good work- 
ing oi'der this operation tiikes two days for a charge of 
the Kize stated above. 

Tile mass is then run off into the 



This is, as shown in Plate 10, a wooden tub similar in 
form to the pulper, but the cylinder is anned with 
wooden feathers instead of knives, and it serves -dimply 
to keep the gun-cotton in suspension in the water and to 
keep the whole mass in rotation about the tub. The 
poacher has a cnpacity of about 5)00 gallons. When the 
pulp has reached the poacher the gun-cotton is allowed 
to settle, and the water is drained off by means of a tele- 
gcopic overflow pipe in one end of the poacher. The tub 
IB filled with fresh water, the cylinder set in revolution 



and tlitr oirciilfttion kept up for one Iioiir, when the seH 
tling and draining is repeated, and tlieee operatJous i 
continued for two dnys, niiiking iilMJUt six washings n 
Hettling«, when a mntiplc is drawn and sent to the Chem- ' 
int to be tefited. 

If tlie sample sent fails to pass the tests the washir 
in the poacher is continued until the gun-cotton 
pass. When thoroughly washed the gun-cotton is ng 
ih'ained, three pounds of precipitated chalk, three puuni 
of ciuistic soda, three hundred gallons of lime water, ii 
sufficient water to make the wliole up to about 80(1 {■ 
Ions, are added to it, and the whole if sucked up bj| 
mt'iina of a vacuum pump into the 
STUFF CHEST. 

Thie is a cylindrical iron vessel of about 850 ] 
capacity fitt.ed with a man-hole at the top, which is cloi 
by a cover, which nuikes an air-tight fit, and provided ^ 
the bottom with an inlet pipe through which the pu] 
enters, and an outlet pipe through which the pulp is d 
Hvered. Through the center of the tank is a vertiq 
shaft, which is provided with four feathers, and whit 
geared to a horizontal shaft above it. The object of t 
stirrer is to keep the gun-cotton and other solids i 
formly suspended in the liquid so that the same prop 
tiouH of each, as nearly as possible, may be always ( 
livercd to the molding press. The .'Stirrer is run 
about twenty minutes before the molding begins, aadj 
kept in operation until the molding ceases. 

The stuff chest rests upon stringers at the top oft 
factory so that its contents may gravitate lo the prei 

The pulp fii-st goes, however, to the 



Which is a cylindr 



WAGON. 

eal coi>per vessel uf about 25 galloi 
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Ciipiicitv suspended hy rollers upon a railwa^^uanfi^ 
ni|n)l t!ip vessel just rloar« the oulet pipe of llie stuff chest, 
vvliilr tlu' bottom is well clear of the top of the molding 
pii'ss. Inside the wagon Is a vertical stirrer, similar to 
th;il ill tlie stuff chest and playing the same part, which 
is jfL'ared to a horizontal shaft that rotates between the 
rails. The pulp is delivered by an orifice in the bottom, 
which is closed by a vaive which moves vertically and is 
operated by a lever and eoitl at the top of the wagon. 
A one-inch rubber tube one foot long is attached to 
the nullet of the wagon so iis to assist in delivering the 
pulp nt the desired point. The wagon is filled by rolling 
it under tlic stuff chest and opening the valve in tlie out- 
let |)ipe of the latter. The stirrer then being in rotation 
the Wiigon is rolled ahuig until it reaches the molding 
press, when the rubber tube is led suicessively to each 
compartment of the molding press, the lever in pulled 
and the press i.s loaded. One wagon load serves for 
about three charge.s for the molding press. 

MOLDING PKESS. 

This i.s a hydraulic press made of bronze and contain- 
ing four rectangular compartments 2.8 inches square with 
ehanipfered corners, two of these compartments being 
shown in section in Plate 11. The press is closed by a 
block which is hinged at the back and locked at the front 
by a lever clamp swivelled eccentrically. The pistons 
have a 28-iuch stroke. Through the center of each pis- 
Um head is a rod 1|- iueh in diameter, which is screwed 
in the base of the press and reaches quite to the top, and 
whicli is used as the cure to form the detonator hole in 
the gun-cotton block. The top of each compartment is 
closed by a plate perforated with boles through which 
il<J#'9%Ue$Wi^-Attt''Uf the pulp, escapes 
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and flows into the reservoir between the compnrtmeill 

Tile finished gun-cotton block is 2.9 inches in diiinieti'V. 
3J inches in diagonal (the comers being chainpfcred) and 
2 inches in height, and to produce this it is necessary thai 
the molded block should be 2.8 inches in diameter, ami 
5^ to 0^ inche.'f higli, when the molding pressure is 100 
pounds to the square inch. Knowing the pvie of the 
compressed block desired, it is determined, by experi- 
ment, how much of the pulp is necessary to produce it. 
the length uf stroke of the piston being increased or 
decreased to produce lhi« re.sult. The pistons having 
been set, by means of the rod in the center of the piston 
heads, the pulp is run in until the compartment is filled, 
and this is repeated with each of the four compartment!". 
The perforated plates are inserted, the cover closed 
and locked, and the pressure applied. The pressing 
occupies about four minutes. When primers are desired 
only one-fourth the cjuantity of pulp is taken, and the 
molded blocks have but one-fourth the height of the M^H 
vice blocks. ^^M 

KINAL PUESS. ^1 

This press, which is shown in side-view section in 
Plate 12, is one of Sellers' hydraulic presses, made of 
steel, with an 18-inch ram. On the head of the mm are ■■ 
nine pistons which 6t neatly into nine aperture.** in the ' 
press block above them. The pre-ss block is made of " 
gun-bronze, and it is 15 inches wide, 22 inches long and i 
7 inches thick. It is supported in place by being bolted J 
to the vertical columns which support the head of the-^a 
pres!?. Above the press block is a traveling block which -■ 
is hung by rollers on a horizontal track, so that itr^ 
may be brought in close contact with the top of th^^ 
press block, or pushed off from it at will. Two perfor — 
ated steel plates which neatly fit the apertures in 





press block, are placed in each aperture, one, which is JJ 
iiichffi thick, ubove. and one, which is one inch thick, beluw 
the gun-cotton block, and these diaphragms serve to dis- 
tribute the pressure uniftinnly over the Hurfnce of the 
blockx, while the perforatiou« allow the wiiter, which is 
squeezed from the block, to ewape. The upper pliite also 
beitr» on its lower surfitce the marks which it is desired 
to impress on the block, and thus serves as a die to stjmip 
the gun-cotton. These marks are now as follows: 



TORPEDO STATION 



o oO® ® 

d)®®® 



y 



In which the figures recessed in tlie ci ivies at the bottom 
record the year of inannfactiire (1888J, and those at the 
right of the detonator hole the number of the factory 
charge (78). A very detailed account of the liistory of 
each charge is kept in the factory, and this method of 
marking enables us to keep track of each charge until it 
is expended, 'llie two blank circles at the left of the 
detonator hole are for use wheu the number of the 
charge exceeds two figures. 



18 



fety 
00(1 
irae 



The pi-esK is loaded by rolling off the tniveliiig 
lowering the piHtonf, dropping in llie lower plates, tlitii 
the luoitk'd gun-cotton blocks, then the upper plad 
and, finiillv. rolling the traveling block back into pli 
again. The pressure is then iipplied by means of u poi 
erftil bydranlin pump in a pit beside the press, the snfet^ 
valve of which is set to discharge at from 1800 to 2000 
pounds ns indicated by tlie pressure gauge. Of course 
the lotjil effect of the ram will be transmitted to t] 
pistons and, as the area of the bead of the mm is to thi 
of the nine pistons beads as 3.4 : 1. the pressure per 
square inch on tlie gun-eotton will be 6120 pounds when 
the initial pressure is 1800, and 6800 pounds whuu tht* 
iniliiil pri'ssnre is 2000. The pressure reaches the ma: 
mum about three minutes aftL'r the pump is set in opei 
tion, and this pressure is maintained for about one railK- 
ute by the sjmd glass. When the ram is i-eleased the 
traveling block is rolled off, the pump is set at work again, 
and the finished blocks of gun-cotton ai-e pushed to the 
surface of the press block. 

When priming blocks are to be pressed, four of the 
molded blocks are inserted in each of the compartments 
of tin- press block, and they issue finnly compacted 
together, but showing distinctly the lines of demareatii 
of each of tlie molded blocks, and they may be readi 
split apart along these lines. 

When tlie gun-cott(jn is taken fi-om the final presffj 
contains from 12 to 16 percent of moisture. It 
natural to apprehend danger from subjecting gun-cotton; 
which is so nearly dry, to the high pressures which are 
employed, especially when we consider that small ])arti- 
cles of the substances might get pinched between 
metal parts, and that some of these might become 
dried while the press is idle. Rumors of such exploai 
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have rciiched us from abi'onil, but I have been unable 
thus far to verify iiny of them. Hciwever, no such ex- 
plosions Ijave tliua far occurred at this Suition, though 
the press block wns once -split open. As fnr nn could be 
uscertfiined, tliis was due t« the workman's having inad- 
vertently inserted three of the perforated plates into 
one eonipartment and only one in another, thus causing 
tile whole force of the ram to be exerted on one piston, 
which bent and j;:nnned and finally split the block. The 
gun-cotton fnirii this preasuig wius recovered iiititct from 
tho press block. 

To guai-d against serious rciult.* following an explosion 
here, the press is surrounded by a i'0[)e mantlet (such iw 
was used in monitor tuiretw during the war of the Rebel- 
lion), which is Iiraidcd fmm Manilla rope 1} inch in 
diameter. There are four thicknesses to the niantlet, 
and this can be relied upon to arre.-*t pieces of the metal 
if projected with not too great velocity. 

When the gun-cotton blocks arc taken from the press 
they are two inches in height, but after standing awhile 
they swell a little. Though, when tJiken out, they con- 
tain but from 12 to Hi percent of water, as seat into the 
service they contain about 35 percent. This is added by 
allowing the blocks to soak in a trough of fresh water 
until they cease to absorb water, 

0HYINO WET PRIMERS. 

The blocks are packed in the torjiedo cases at the guu- 
cotton factory as fast as they are made, the primer eases 
being filled with wet primers. A sutlieient proportion 
of dry i>rimeis are sent with each outfit, and when the 
torpedoes are desired for use the wet priming blocks are 
withdrawn from the primer can and dry ones substituted. 
These wet ones are then dried by splitting the blocks 
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apart into J inch portions, weighing uach one, stringing I 
them oil a perfectly clean brass or copper rod or tube, 
separating the blocks oue from another, and suspcndmg 
the rod in a suitable dry place (not in the vicinity of t 
galleys or boilers) where they will be freely exposed ■ 
air and yet be under cover. The blocks are to 1 
weighed separately from time to time, the weights being 
marked on each with a soft lead pencil, and they are to 
be dried until they cease to lose weight. 

■riELD OF GUX-COTTON. 

Acconling to the equation on page 10, I^ecture ^TT, 
we should obtain 183.3 pounds of gun-cotton from 100 
pounds of cotton. If, however, we follow Vieille and_ 
consider gun-cotton as being cellulose endeea-nitrate, 
should obtain, theoretieully, 176 pounds of guu-eotU 
In pmctiee, notwithstanding the loss incident io the man/ 
manipulations, we obtain about 150 pounds of gun-cutton 
from 100 pounds of cotton taken from the final dryer. 
This makes about V200 full sized blocks. 

TESTING THE GUN-COTTON. 

The gun-cotton, as drawn from the poacher, is sub- 
mitted by the Chemist to two tests — the heat or stabil- 
ity, and the solubility tests. As it is of the first impor- 
tance that the sample tested should represent the avei^ 
age composition of the charge in the poacher, the follow- 
ing course is pursued in ^M 

DRAWING THE SAMPLE. '^M 

About one quart of the pulp is to be drawn from the 
poacher, in very small cjuantities at a time, while the re- 
volving cylinder Is in operation and the pulp is clrculatr ] 
ing actively, portions being taken from both top an 
bottom. 
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PREPAIUNG THE SAMPLE. 

Tliu sample is allowed to sttuid until the gun-cotton 
!mrt nettled, when the water is poureil off, and then one- 
Imlf of the gun-cotton is wrapped in a thoronghly clean 
linen cloth and placed under a hand-screw press, where 
it is subjected to a tolerably severe pressure for about 
three niinutes, or until water eeases to flow from it. The 
mass in then taken out in the form of a cake, which is 
broken np fine and rubbed up between the hands. About 
200 grains of this gun-cotton are then placed in a paper 
tray which rests on the toy. of an oven heated to 120° F, 
care being taken that the tray does not come in contact 
with the walls of the oven, and the mass is thu-s heated 
with constant stirring for fifteen minutes. The dried 
sample is then transferred to a covered glass funnel with 
roughened sides, the neck of which is connected with a 
bellows, by means of which the finest particles of the 
gun-cott<m are blown on the .«ides of the funnel, from 
which they are carefully removed. These fine particles, 
after exposure for two hours to the atmosphere of a nor- 
mally warm and dry room, are weighed out for the heat 
Ut, twenty (20) grains being taken for this jnirpose. 

HKAT TKST. 

[ The materials required are: 

1. Water bath. 

2. Temperature regulator. 

3. Thermometer. 

4. Test tubes. 
. 5. Test paper Iiolders. 
(■6. Glass rod. 

, Minute clock. 

, Test paper. 

. Glycerine solution. 



1. Tlic water bath consists of a ^lass globe, about 
inches in diameter, which is filled with water to with 
a quarter inch of the top when the wiiter i« heiit« 
This globe is open nt the top, and the mouth is cloM 
by a cover of tin plate or brris«. The cover is ])erforat«j 
with 11 »uiflil hole in the center to receive the tliorniom 
ter, and with several holew about the central one of slight 
larger diameter than that of the test tubes. To tht 
torn uf each of these outer holes are fastened three ."priu 
clips inclined toward each other, so that wlien the tubeS 
pushed through them they will close about it firmly : 
hold it in the desired position. The globe is placed i 
strips of wood in a copper bowl 10 inches in diameter, i 
the bowl is then filled with water. This outer bow! enablq 
us to readily bent the apparatus without danger of breali 
ing the glass globe, while the large mass of water s 
in kee|iing the temperature constant for a considerable 
period of time. The whole apparatus is then placed on 
a support over a lamp which should be controlled by a 
Scheibler temperature regulator or tliermostnt. 

4. The test tubes should be from 5^ to OJ inches lonj 
and of such diameter that each will hold from 20 j 
22,,^ of water when filled to the height of 5 inch 
They should be marked with a ring, drawn around tbd| 
with a diamond, 2^ inches from the bottom, and the j 
cotton should be compressed to the height indicaU 
this mark. 

5. The test paper holders consist of small glass i 
about ]0 cm. long having a piece of platinum wirt 
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. long fused into one end, this wire being bent inli 



V hook. These rods are passed loosely tbn 



hole! 



taper corks, the latter being of fuch size as to neatly I 
the test tubes. 

6. The glass rods are used for pressing the gun- 
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in ihc tube. Tlioy inlionld be pioviiluiJ wUli flat lioaila 
und tu' long tnioii^li to eiii-ily rencli to lhi> bottom of the 
I ube?. 

8. The t<.'at paper used is that known as Rtarch and 
potawiuin iodide paper, and it is made as follows: 

Forty-five grains of wliite starch, whieli has been well 
washed in cold distilled wnter and thoroughly dried, are 
added to 8 J ounces of distilled water, and the whole is 
lieated lo boilinj^, with constant stirrinj;, and is liept 
gently lioiling for ten minutes. Fifteen grains of pure 
poUissium iodide (i. c. KI which lias been reerystallizod 
from alcohol) is now disoolved in 8.J ounces of distilled 
water, and the two solutions are mixed and allowed to cool. 
Strips or sheets of fine white filter paper, which have 
been previimsly washed in distilled water and redried, 
are dipped into tiie above solution and allowed to remain 
in it for not less than ten seconds, wlien they are removed 
and hung up to dry in a warm, dark room which is free 
from laboratory dust and fumes. When dry, the upper 
and lower margins of the strips or sheets are cut off and 
the paper is preserved in well stoppered bottles in the 
dark. The pieces of test paper used in making the test 
are about ■j*j inches by ^j inches (10 mm. by 20 mm.). 
ThfiV are attached to the test paper hchlers by piercing 
them near the tu|i with the point of a penknife blade, 
two incisions being made at right angles to cn('h other so 
«j* to foiTn a ci-oss. The point of the platinum wire is then 
inserted through the center of the cross, and the hook is 
lient firmly togelher so as to liohl tlie papers rigidly in 
line with the rod of the holder. 

9. The glycerine solution is made by dissolving ten 
percent of pure glycerine in distilled water. It is kept 
in a small bottle or flask the mouth of which is closed by 
a cork, and the latter is perforated to take a small rod or 
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tube which is long enough to reach the bottom of the 
vessel. This rod is drawn to a point at its lower end. 
The glycerine solution is used to wet the test paper, and 
it is applied by holding the test paper holder vertically 
with the paper uppermost, and then touching the paper 
at the edge, where it is fastened to the platinum hook, 
with the rod which has just been drawn from the solu- 
tion. Enough solution and no more must be applied to 
the paper than is sufficient to thoroughly wet it across its 
entire width and for one-half its length. The holder is 
held with the paper upward until the solution has been 
draw n by capillarity up to the middle of the paper and 
is found to go no further. 

MAKING THE HEAT TEST. 

The thermometer is inserted in the bath to a depth of 
2| inches below the water, and the heat is applied until 
tlie tenii)erature is constant at 150® F (65.°o C). The 
weighed sample of giui-cotton (20 grains) is put in the 
tube and pressed down by means of the rod to the mark, 
the tube is closed with a loosely fitting cork, and it is 
then inserted in the water bath until the bottom is 2J 
inches below the water level, aiid the time of insertion is 
marked tvith the stop clock. The test paper is now pre- 
pared, the paper being drawn up close to the bottom of 
the cork. The cork in the test tube is now removed and 
the test paper with its holder inserted in its stead. After 
the heating has gone on for a short time a thick film of 
moisture will begin to form in the upper part of the tube, 
and, when this is observed, the test paper is lowered by 
pushing the rod through the cork until the line of de- 
marcation between the wet and dry portions of the paper 
are coincident with the lower edge of the ring of mois- 
ture, and the test paper is now closely watched. When 
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ithe faintest sign of discolorafion in observed on (he test 
fHtper (iind it iippt-ars at the line of doinurcatiun between 
4he wet and dry portions) the tone is marked aijain by 
■ihe stop clock. The eliipsed time for ctable guu-cotton 
cDiuuld not be less xXmn Jifteen (15) minutes. H it be less 
ihe gun-cotton is rejected. 

Simple lis this operation nppears. yet it is found to be 
dilficult in iipplication, and thin i.-* largely due to the diffei^ 
ence in Uie readiness witli wliirh different observers, and 
especially untniiiied ones, can pereeive the appearance of 
the bi-own coloration. So to assist tliem the following 
Btjindard tint paper has been devised. Mt- 

STANDAItD TINT PAPEK. "'" 

This is prepared by making u caramel solution in dis- 
tilled water of such eoneentration that when dihited one 
hundred times (10 i-m^ made up to a litre) the tint of this 
solution equals the tint produced by the Nessler test 
(2 (.^) ill 100 ciiif "f water containing 0.000075 grams of 
ammonia, or 0.00023505 grams of ammonium chloride. 
With the caramel solution lines are drawn on slips of 
white filter paper by means of a clean quill pen. When 
the marks thus produced are dry, the paper is cut into 
pieces of the same size as the test paper described above, 
And in such a way that each piece has a brown line across 
it near the middle of its length, and only those strips are 
preserved in which the brown line has a breadth varying 
Jrom ^ mm. to 1 mm. (^^ to j^ of an inch). This may 
be used by hanging a strip in a test tube beside the tube 
in which the test is being made and noting each until a 
trown line appears on the test paper similar to that on 
&e standard tint paper. 

PRINCIPLES GOVERNING THE TEST. 

Tlie principle upon which the use of the starch and 
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potaxidum itHlifle paper in baM'd nuiy be showu b_v the 
following experiments with ^tart-h emulsion and iodine; 
(■tnrcll, potasidum iodide and cblorine; ^arch. potAiisiuiu 
io<tide and oxides of nitrogen; starcb and pota-s^iutn iodide 
paper and acids. From ihe^e ve learn that the starch 
reacts with iodine to form a colored body. That when 
potassium iodide is decomposed in the presence of stai 
the ittdine which is liberated reacts with the ritiirch. Tl 
oxides of nitrogcD and the nitrogen acids effect thi» de- 
composition. And that in the bath the heat drives off 
any free aeids present in the gun-cotton, or decomportes 
any unstable bodies, and liberates nitrogen oxides or 
acids which react on the test paper. 

SOLrBIUTT TEST. 

About oOO grains of the pulp from the poacher arCfl 
treated in the hand press as descrihed for the heat test 
the cake is then broken up and placed in an air batba 
where it is dried at a temi>eniture of 40' C for two ot-m 
three hours, being rubbed between the hiiiuls occa^ioiic 
ally to break up the lumps. When well dried it is i 
moved from the bnth and exposed to the air for an houu 
Two grams are weighed out, placed in a flask and cot* 
ered with four fluid ounces of a mixture of one voluin 
of absolute aleuhol and two volumes of Squibbs" atrongi 
ether. The flask is corked and then shaken at iuterva 
for two hours. The cont<'nts of the flask are now de- 
canted upon u weighed linen fitter (which has been pre- 
*-iously washed iu some of the ether-alcohol mixture) and 
washed on the filter with four ounces more of the ether- 
alcohol mixture, then the filter and contents are squeezed 
thoroughly to remove any of the solution present. The 
residue in the filter is replaced again in the fla.'^k, covered 
with four ounces of fresh etberulcohol, corked and 
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shaken at intervivl.i for a half hour iiud aguni decanted 
upon the same filter as before smd wiished witli four 
ounces* more of the ether-aleuhol. The filter and con- 
tent,"* are then spread out on a plate of glu^H, placed 
ill ii drying oven and Iieiited until the odor of the alco- 
hol has completely disappeared. Then it is exposed to 
the air for two lionrs and weighed. The drying and 
exposure to the air should ho repeated until the weight is 
constant. 

The difference between the weight of the gun-cotton 
taken and the weight of residue found gives us the weight 
of the inubstance dissolved, and with this data the per- 
centage is calculated. The soluble matter, in the gun- 
cotton should not exceed 10 percent. As a matter of 
fact, tlie gun-eotton made here contains usually less than 
6 percent. 

The method described above is a commercial one and 
necessjirily rough, while, besides, it is quite expensive. 
With alcohol at $ 1 .50 per pound and ether at $1.00, it cost 
Us about J3.00 for the solvent for each test. This metho4l 
is followed now only because it was adopted from the 
Xnglish practice when the factory was first started, and 
1 am not willing to make or propose changes in the 
roethods existing here when 1 came until I have nub- 
mittcd the new ones to thorough experimental exarainu^ 
tion, and 1 have been prevented tJius far ivom doing this 
by the pressure of the current work. 

I have, however, made some few experiments with 
Szonibathy's extniction apparatus and various solvents, 
and the results lead me t« believe that we will find here 
a cheaper, r|uicker and more accurate means for the de- 
termination of the percentage of soluble matter. 

The results of the tewts are reported on the following 
form: 
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TESTS OF GUN-COTTON. 



Ohexnioal Laboratory, Torpedo Station, 

,1S8 

Charge No 

SOLUBILITY. 

1. 2. 

Weight of gun-cotton tiiken 

"filter 

" gun-cotton + filter 

insoluble gun-cotton -f- filter. . 

soluble gun-cotton 

Percent of soluble gun-cotton 

Mean 



«< «« :, 



HEAT. 

1. 



Time of starting. 
stopj)ing. 

elapsed 

Mean 



«« «« 



(Piissed.) Chemist to Torpedo Corp^t. 

(Rejected.) 

TEST FOR UXCOXVERTED COTTON. 

Besitlos the determination of the ^'sohible gun-cotton," 
it is sometimes necessary to determine the amount of 
unconverted celhilose ])resent. This may be done by 
treating the residue from the ether-alcohol with ethyl 
acetate (acetic ether). By digestion with this solvent 
the cellulose nitrates are dissolved, and the unconverted 
cellulose is left behind and may be collected on a weighed 
fdter. Or it may be treated, by boiling, with a solution 
of sodium stannite made by adding caustic sodca to a solu- 
tion of stannous chloride until the precipitate at first 



iortned is ^ust redisnolved. This soluwonwrn 
solve cellulose nitrates, but does not dissolve celluluse. 
TEST FOR NITROdEN. 
This may be most easily made by means of a nitrome- 
ter. There lire various forms of this instrument, but 
Lunge's answers very well for the purpose. Thi.t con- 
sists of two gla»a tubes of about 150 omf capacity con- 
nected together by a long rubber tube. The upper end 
of one of the tubes is funnel-shaped, and there is a three 
way cock in the contracted neck between it and the 
tube. This tube, which is called the burette, is grad- 
ujited into tenths of cubic centimeters, the other tube, 
called the filling tube, is plain. Both tubes are mounted 
in a burette Itolder so that they are vertical and side by 
side, hut can be raised or lowered independently at will. 
Sufficient mercury is poured into the tubes to fill the 
graduated one completely, and the plain one partially when 
the latter is raised two-thirds its length above the grad- 
uated one. The stop cock of the graduated tube then 
being closed, the plain tube is lowered to place again. 
About .3 grams of tlioroughly dried, finely divided gun- 
cotton are placed in the funnel and covered with 5,.ni*of 
pure concentrated 11^80,. The stop-cock is opened, the 
mixture is swept into the tube and washed in rapidly by 
about 10 ,-1^ more of the acid, care being taken tliat the 
pow of acid is constant, so that no air gets into or gasea 

K"!ipe fi-oni the tube, and the Hto|)-cock is closed. Action 

«gins us soon as the mixture reaches the mercury ac- 

ording to the following equation: 

{CoHA)tVNO,)3 -h gil^SO, -i- ISHg = 
2(C«nA)0,lI» + SHgiSO, + 611,0 + 6N0, 

ad the NO gradually collects at the top of the tube and 
liisplnces the mercury. Thin action is assisted, from time 
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to time, by removing the tube from its clamp and shaking 
it, care beinjj taken that none of the gas or acid gets iiilo 
the rubber tube. After all action ceases (which usually 
ia about one-half hour) the tubes are adjusted no that the 
mercury in each h at the same height, then the fitt- 
ing tube is raised so tluit tlie level of the mercury in it 
ia higher than that of the mercury in the burette by one* 
seventh of the number of divisions in the burette occu- 
pied by the sulphuric acid, and then the volume of 
the gas is read off. The apparatus is allowed to stand 
fifteen minutes and tlien read again, several readings 
being made by moving the tube and readjusting it again. 
When the readings are constant, the thermometer and 
barometer are noted and the volume of the gas reduced 
by Charles' and Mariotte's laws to 0° C and 76 cm. Then 
the weight of nitrogen present, and hence the percent in 
the gun-cotton tjikeu is calculated from this volume by 
the methods and data given in Lectures I. II and III. If 
we assume the formula for military gun-cottou to be 
(CeH;0j)0a(N02)s, it should contain 14.14 percent of ni- 
trogen, but if it be CyH|fl,Oa,(NOn)„, it should contain 
13.47 percent. 

DETERMINATION OF ASH. 

Tliis may be done by melting some pure paraffin iu al 
weighed platinum crucible, by gentle heiit, adding i 
known weight of the sample and igniting from above, 1 
The mixture burns gently, und, when all i-s consumed, , 
the crucible ia ignited, cooled and weighed ugain. The \ 
increased weight gives the ash. 

Or we may dissolve the sample in pure concentmted ] 
nitric acid in a weighed platinum dish, evaporate the I 
solution carefully to dryne-i,-;, ignite the residue and J 
weigh again. 
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DETERMINATION OF MOISTURE. 

This may be done by ilrying in an oven tit 40° C for 
twelve houre and then in a dessicator over sulphuric 
acid to constant weight. 

DETERMINATION OF ALKALINE SUBSTANCES. 

For certain purposes it is desirable to know the amount 
of calcium and sodium compounds present in the finished 
gun-cotton. For thi.s test five (5) grams of the air-dry 
gun-cotton are taken from the center of the disks or 
blocks, rubbed up finely and extraeted by nieaiw of 
100 cnif of standard hydrocbloiic ucid diluted with about 
twice its volume of water. The acid and gun-cotton are 
allowed to digest together for a short time, the liquid is 
decanted and tlie gun-cotton washed, either by deeanta- 
tion, or upon a filter, until the washings exhibit no acid 
reaction. The washings are added to the decanted liquid, 

I *ind 100 ptiK of standard sodium carbonate solution is 
(floured in. Then the amount of sodium carbonate neu- 
i tralized is determined by titrating with standard acid 
|l«olution and an indicator. The unneutralized sodium 

II carbonate is the measure of the alkalies in the gun-cotton. 
I The standard sodium carbonate solution should contain 
I three (3) grams of salt in 100 i.,^, and the standard solu- 
I lions are so arnuigecl lliat equal volumes neutralize each 
r other. 
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PREPARATION OF FINISHED SAMPLES FOR HEAT AND 
SOLUBILITY TEST.S, 

Split the disk or block and then, by gentle scraping or 
rasping, remove about forty (40) grams of the gun-cotton 
from the center of the mass. Place this in a liter flask, 
pour upon it a half liter of distilled water at a tempera- 
ture of 39° C, cork the flask and shake it vigorously for 
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two or three minutes. Then pour the contents on a 
piece of muslin, which is wrapped up and squeezed in 
the hand press. The gun-cotton is washed three times 
more with water in the way above describedj being 
squeezed after each washing, when it is ready for the 
application of the tests. 

SERVICE METHODS OF INSPECTION. 

Inspection of wet gun-cotton. 
Weekly inspection of dry primers. 
Monthly inspection of dry primers. 

Description of the methods to be pursued will be found 
in "Gun-cotton Torpedo Instructions," p. 39; 1888. 



LECTURE IX. 



NITRO-GLYCEEIXE. 

The discovery of the fact that cotton when immeree^n 
nitrift, or in a mixture of nitric and sulphuric acids, was con- 
verted into a highly explosive substance gave ri«e to a 
warm controversy among the chemists of the day ae to 
the nature of the change which had taken place, one 
party holding that the change was a true chemical 
one and was due to the substitution of certain of the 
components of the nitric acid for certain components 
of the cotton resulting in the formation of a new com- 
pound substance, while the other party held that it was 
physically impossible that so delicate a material as cotton 
fibre could change its elements without a more obvious 
change of structure, and that the change was simply a 
physical one due to the absorption of the nitric acid in 
the pores of the cotton, just as nitre is absorbed by paper 
in the manufacture of touch paper, and that thus the 
inflammability of the substance was increased. It is ob- 
vious that with such a difference of views prevailinj^ the 
true one could only be established by experimental evi- 
dence, ond hence the promulgation of these views led to 
many experiments being made upon a large number of 
enbstances which were analogous in their chemical char- 
acters to cotton. 

Pelouze, the French chemist, was one of the more 




active advocates of the theory of exchange, and, 
other experiments, he suggested to his pupil, Sobi 
that he should study the effects of nitric acid on glj 
ine, because, as the latter was chemically analogoi 
cotton, it was probable that, if the change was a cl 
ical one, an explosive body would be formed, and it 
obvious that, if an explosive body was formed, it i 
be due to replacement, for it was exceedingly unli 
tbat a liquid like glycerine could abwrb and retain i 
pores, by mere physical force, a liquid like nitric i 
Sobrero made the experiment and discovered n 
glycerine, which announced ita birth by a violent ei 
sion which shattered the windows of the laboratory 
wrecked the apparatus. 

The great power which this explosive exhibited, 
the apparent readiness ^vith which it exploded, cons[ 
to make chemists somewhat reluctant to pursue tb 
vestigation of the character and pi-operties of this 
stance, and so, although Sobrero made hia discover 
1846, little was done with it until the Crimean 
when it was asserted that Pi-ofessor Jacobi had m 
factured the explosive in quantities for the Russian 
ernment, and that its reputed presence deterred 
English from entering the harbor of Cronstadt, tho 
during this time, it was employed in very small qm 
ties as a medicinal agent under the name of glonoine 

The practical use of the substance as an explc 
agent is due to Alfred Nobel, a Swedish engineer, w 
name is indissolubly connected with and pre-eminen 
the history of nitro-glyccrine explosives, and who, a 
1860, invented a process for its rapid manufacture w 
he patented under the name of detonatin'j oil or iVb 
Sjjrengce:l,iind between this and 1863 established facti 
on the continent of Europe for its manufacture on a i 



inercial scnle, At tins time Nobel used the same means 
for explodiing tlie substance as were einplo3'ed for 
filing gunpowder, with the addition, sometimes, of a 
priming charge of gunpowder, but it was found that, even 
when confined, the nitro-glycerine was but partially ex- 
ploded. In 1863, however, he discovered that it could 
not only be exploded with certainty by means of a cap 
containing mercury fulminate, but that the power devel- 
oped was enormously greater than could be obtained for 
it by any other means. The discovery of this fact marks 
not only an epoch in the history of nitro-giycerine but in 
that of all explosives, since it revealed to U8 the method 
of inducing explosion by detonation. 

Great expectations were aroused by the announcement 
that the enormous force stored up in niti-o-glycerine was 
completely under control and could be used at will for 
doing u-scful work, and it found its way to the scene of 
mining operations in many parts of the world. Scarcely 
a year elapsed after Nobel had secured his patents in 
Norway before the substance made its appearance in this 
country, but the fact of its presence was announced in a 
very startling manner. 

One of the guests of the Wyoming Hotel, in New York, 
wishing to polish his boots drew from under the counter 
a umall box upon which to rest his foot, the box having 
been u-sed for this purpose for sometime. While busy 
with his work he noticed a reddish vapor coming from 
the box, and he called the clerk's attention to it. The 
latter took the box, carried it to the door and threw it 
into the street, when it instantly exploded, and so vio- 
lently that the pavement was torn up, the passers by- 
were thrown down, and the windows in every house 
within 100 yards of the entrance to the hotel were shatr 
tered. Great excitement was created by the explosion, 



and great interest wag exerted to learn the character of ' 
the agent which caused this disaster. On inquiry it waa 
ascertained that some weeks previously a guest who had 
recently come from Germnny, being pressed for means, 
left the box as security for his board, stating that it con- 
tained Glonoin Oil, a new material which had been used^ J 
with great success in Germany, for blasting. Glonoin ] 
oil was but another name for nitro-glycerine. 

This accident was not long after followed by one at 1 
Aspinwall, another at Wells, Fargo & Co.'s office in San 
Francisco, another at the factory at Stockholm, and still I 
others, which were so inexplicable and disastrous as ta j 
lead to public reprobation of this dangerous and, to most J 
people, mysterious and diabolical compound, and many J 
governments, among them Sweden, Belgium and England, 
totally prohibited its use, so that the effort to introduce I 
it seemed destined to failure. But it was observed that I 
these accidental explosions were exceptional, and that in ] 
repeated instances nitro-glycerine had been transported 
long distances, both by sea and by land, and had been 
stored for considerable periods of time without undei> 
going explosion, and, as the agent was too valuable a one 
to be abandoned if its safety could be in any way en- 
sured, several chemists were encouraged to further inves- ■ 
tigate its properties and to seek to discover and remove I 
the causes which had operated to produce these premar J 
ture explosions. 

Notable among these investigators were the American.! 
chemists, Mowbray and Hill, and through their efEortaf 
the difficulties attending the production of a pure and I 
stable substance have been surmounted, so that for many ■ 
years past nitro-glycerine has been manufactured, stored, 
transported and used with comparative safety and with 
less attendant danger than surrounds gunpowder. 




The manufacture of nitroglycerine is based upon the 
reaction wliicli takes place when glycerine is brought in 
contact with nitric acid, and which may be represented by 

CjHflOsna -|- 3HON0r= C3Hs03(NOj)3, 

in which one molecule of glycerine being acted upon by 
three molecules of nitric acid yields one molecule of tri- 
nitro-glycerine, (or better, glyceryl trinitrate), and three 
raoleculea of water. Three of the atoms of hydrogen in 
the glycerine being replaced by the three atoms of nitryl 
(NOa) in the three molecules of nitric acid. 

I It ia believed to be possible to produce three different 

II nit ro-gly cert nes. By replacing one atom of hydrogen in 
the glycerine by one atom of nitryl the mono-nitro- 
glycerine is fonned, having the formula C3H603(N02)sH.-, 
By replacing two of the atoms of hydrogen by two of 

taitryl the di-niti-o-glycerine is produced, having the for- 
■feiula C3Hs03(NO)2lI(. By replacing the three atoms, we 
net the tri-nitro-glycerine given in the reaction above. 
I It is believed also that the tri-nitro-glycerine is the 
(fenly one of these compounds which is stable and that 
many of the accidents which have been caused by nitro- 
glycerine have been due to the presence of theae other 
compounds in the tri-nitro-glycerine. 
K To produce pure nitro-glycerine it is necessary that 
Rre should use the purest, most concentrated glycerine 
«nd purest, strongest nitric acid. The presence of any 
fatty impurities in the glycerine gives rise to the forma- 
.lion of unstable bodies which cause the decomposition 
nd spontaneous explosion of the nitro-glycerine, while 
lie presence of iron, alumina or chlorine seriously inter- 
feres with the separation of the nitro-glycerine. It has 
leen difficult to obtain anhydrous gl^xerine and anhy- 
lous nitric acid, hence it ia the custom to use the most 



concentrated articles to be obtained and to mix with i 

them some substance whicli will absorb the water pres- 
ent and thus render them anhydrous. The importflnce 
of using an exsiccating substance is further shown, if we-^^H 
refer to the reaction, by the fact that water is one of the-^^| 
products of the reaction, and hence, if we were to start ^^^ 
with anhydrous glycerine and nitric acid, after a portion -« 
of the glycerine has been converted, the water formed Jk 
will have so diluted the remainder that there is danger —x 
of the lower nitric esters being fonned. 

Concentrated sulphuric acid is used as the exsiccating "^Kj 

substance, and it is added in sufficient quantity to com 

bine not only with the water contained in the original -M~l 
substances but also with all the water formed during the^=^^ 

operation. But in using the sulphuric add another ele ^ 

ment of danger is introduced. The sulphuric acid re 

moves the water by entering into chemical combinntion^K~~i 
with it, a hydrate of sulphuric acid being formed. anc^^E 
this combination is attended with the development oE-dt 
hent. If the temperature is raised somewhat there ii^^ 

danger of the nitro-glycerine being exploded, or if an ex 

plosion does not result, the glycerine will be wasted by^~J^ 
being converted into oxalic acid and other products 
which may render the nitro-glycerine unstable. Henca 
it is necessary to keep the mixture cool while the conH 
version is taking place, and in the process of manufactuM 
this is effected by means to be described. 

I have thus attempted to state as briefly as possible tha 
rationale of the operations in the manufacture of nitre 
glycerine, and I will now describe some of the processeafi 
employed. 

Sobrero, the discoverer of nitro-glycerine, proposeil 
the following process for its manufacture: one-half vz. 
of anhydrous glycerine is poured with constant stirring 



into a mixture of two ozs. of concentrated sulphuric acid 
and one oz. ui fuming nitric acid of Sp. Gr. 1.52, the 
temperature of tlie mixture being kept below 24° C by 
external cooling with ice, and as the oily drops begin to 
fonn on the surface, the mixtui-e is poured with constant 
stirring into fifty ozs. of cold water. Nitro-glycenne 
then separates and may be purified by wasliing and dry- 
ing in small portions, in a vapor bath.* 

De Vrij's process differs from the above only in the 
the proportion of the acid used and in the fact that the 
sulphuric acid was added after the mixture of the gly- 
cerine with the nitric acid had been effected. 

The Mowbray process, as used at North Adams and at 
the Torpedo Station in a form much improved by Hill, 
is as follows : 

The glycerine employed must be free from Hme, iron, 
alumina, clilorides, fatty acids, and glucose or other adul- 
terant, and must have a Sp. Gr. of 1.26. 

The nitric acid must be strong, having a specific grav- 
ity of not less than 1.49 to 1.51 (48''-49'' B), and this 
strength should be real and not factitious as is often the 
case with acids nominally testing 50°-52'' Baume. Nitric 
acid of this strength must be specially prepared for the 
purpose. This is done by careful distillation from sodium 
nitrate {Chili saltpetre) and sulphuric acid (oil of vitrol). 
Another and perhaps a better method is to distill from a 
mixture of ordinary commercial nitric acid and .sulphuric 
acid in glass retorts. Stronger nitric acid can thus be 
made, but with more trouble and expense. 

Before it is used the nitric acid is mixed with twice its 
weight of strong sulphuric acid, Sp. Gr. 1.845, the acids 
being now readily purchased in the market mixed in 
jAese proportions. 

' " Amh. Pharm. 103. J&S; IM, 2S3. 



The sulphuric and nitric acids, mixed in their proper— 
proportions, are placed in a large stoneware receivei 
from which the mixture can be drawn as it is required.^ 

The operation may be conveniently divided into tw 
parts; 

Int. The conversion of glycerine into nitro-glvceriue.^ 

2d. The separation and washing of the nitro-glyceri 

Conversion of Glycerine into Nltro-Glycerine : 
apparatus used for this purpose at the Station is show 
on Plate 1. An elevation, section and plan are give 
the lettering being the same in eaeli. 

A, A, A, A, A, A, are wooden troughs placed around 1 
brick chimney D, D. In these troughs are earthei 
ware pitchers, a, a, a, a,. . a, which contain the acid mU 
ture. On the shelf B, above the pitchers, are bottifl 
b, b,b,. . b, which contain the glycerine. The bottles a 
loosely closed by wooden stoppers with broad rounded 
tops. The rubber tubes, c, c, c, c, which reach to the bot- 
tom of the bottles and carry small glass jets at their 
outer ends, pass loosely through holes in these stoppers. 
Conical wooden plugs, e, c, c,e, are placed in the holes 
through the st-oppers alongside the rubber tubes. 

The steam pipe G passes along tlie shelves B, B, ju 
behind the glycerine bottles. The air-main F pai 
under the shelf B, and carries on its under side a numbi 
of short pipes or jets (two for each pitcher) to which i 
attached the rubber tubes, d, d, d, d, which hang over ti 
pitchers. Glass tubes long enough to extend to the I 
torn of the acid pitchers are inserted in these rubb 
tubes. In the elevation these tubes are out of the pit* 
ers, but in the section they are in place, as if in use. 

The troughs arc made tight to hold the ice water witff 
which the pitchers are surrounded. Partitions, widi 
openings at the bottoms, cut off the comers of tne 



ti-oiighs forming the clear spaces,/,/./,/. These water 
spaces are convenient us affonliiig opportunities for 
quickly emptying a pitcher into water if it becomes nec- 
essary. A pipe is placed in one comer of each trough 
through which the water may be dniwn off int« the 
escape E, when the operation is Unished. The pitchers 
stand on narrow strips, which raise them off the bottom 
about two inches, tlius giving the cold water free access all 
about them, and when in position they are well under the 
overhanging hoods, C„ C3. These lioods are flat wooden 
boxes, wide at the bottoms and drawn in at the tops, 
where they fit against openings in the chimney D, D. 
In the lower part of the chimney, on the floor below, ia 
placed a grate and fire door (not shown in drawing). 

Each pitcher receives 18 to 20 lbs. of the acid mi.xture 
(according to the strength of the latter). All are then set in 
-place in the troughs, covered with glass plates, surrounded 
with ice and water, and allowed to stand until completely 
cooled. Two lbs. of glycerine are put into each bottle. 

When the acid in the pitchers has fallen to the tem- 
perature of the surrounding ice water, the covers are re- 
moved from the pitcher.s, and the air-tubes passed through 
holes in tlie hoods down into them. A strong current of 
air is forced througli these air-tubes by means of a 
pump driven by steam, and this current of air keeps the 
contents of the pitchers in continual agitation. The air 
for the pump is drawn through sulpliuric acid to render 
it perfectly dry, and just before it enters the air-main 
over the troughs it is thoroughly cooled.* The cooling 
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arrargment is made of 10 coils of small tic pipe, which i 
are surrounded by ice (or better, ice and salt).* Tbeael 
coils are so arranged as to give an extensive cooling sup«l 
face without impeding the current. 

As soon as the air-current lias been turned on the t 
of glycerine is begun. Each rubber tube c is a siphunjl 
which is started by suction through a glass tube inserted! 
in the outer end. As soon as the glycerine runs freelyj^ 
the suction tube is withdrawn and a fine-pointed glai 
jet put in its place. The glycerine runs from this jeU 
in a fine stream directly into the pitcher under it. 
cold weather the glycerine may become too thick t« &o^ 
easily. To overcome this the bottles of glycerine i 
warmed by passing steam through the pipe behind then) 
until the glycerine is sufficiently thin. 

The glycerine dropping into the acid mixture is rnpidljji 
acted on and converted into nitro-glycerine. The real 
tion is accompanied by a considerable evolution of hedA 
This heat must be removed, for if the temperature 
allowed to rise too high the glycerine is not convert* 
into nitro-glycerine, but is oxidized or burned, with foi 
mation of other substances. The limits of temperatutt 
are very narrow. Starting at 72° F, the temperatu 
must not be allowed to exceed 80° F; above 80° F there ' 
is great danger of "firing" Uiking place. The liquid in 
the pitchers is kept cold by surrounding them with ice- 
cold water and by the stream of cold air passing iatq 
the acid. The most important work of the air currenl 
ie to keep the acid mixture in constant agitation, 
this way the heat generated is quickly diffused throuf^ 
the whole, preventing any sudden local rise of ten 
peniture. 

The glycerine is much lighter than the acid mixtun 

*TtilB te muoli pceferablo to uUuwItig the ulr to come lu dl 




and would be apt to collect in little pools above it, and 
when these were broken up and a quantity of glyceiine 
suddenly bi-oiijtht into contact with the acid, the action 
would be so rapid tltat it could not be controlled. 

While the glycerine is running into the pitchers, ob- 
servations with the thermometer are constjintly made of 
the temperature attained in them. If the temperature 
in a pitcher is found to be rising too rapidly and to be 
approaching the higher limit, the glycerine is evidently 
running in too fast, and its flow must be checked, which 
is done by pressing down the conical wooden plug in the 
stopper of the glycerine bottle. This plug passes through 
the same opening as the rubber glycerine tube; there- 
fore, when it is pressed down, it compresses the latter so 
that less liquid can pass through. If the temperature is 
too high or continues to rise, the plug is forced hard 
down, closing the glycerine tube altogether. The flow 
of glycerine being checked or stopped, the pitcher rapidly 
cooh^ down again. As soon as the thermometer shuwa 
this to be the case, the plug is loosened and the flow 
again set up. Constant care is therefore neces.sary, but 
tlie operation is a simple one, easily learned and per- 
formed by ordinary workmen. 

If the limit of temperature is exceeded "firing" takes 
place, indicated by the copious evolution of red, nitrous 
fumes, and in extreme cases by flame. Usually when 
this occurs it is easily controlled by stopping the glycei^ 
ine stream and vigorously stirring the contents of the 
pitcher, but if it is violent the pitcher must be emptied 
into water as quickly as possible. 

During the operation of conversion, acid and irritating 
fumes are given off in large quantities, greatly to the 
injury of those compelled to breathe them. In the ap- 
paratus at the Station these are entirely removed through 
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tlie hoods and chJmney. A fire in the grate at the D 
of the chimney causes a powerful draught in the hoods, 
which overhang the pitchers, drawing upwai-ds all the . 
fumes and discharging them into the open air. Generally! 
^mall fire at first is sufficient, and often no fire is nece.ssaiyj 
This arrangement for removing the fames has prove< 
to be of great advantage, not only to the health of th( 
workmen, but also to the operation itself, since they cfu 
attend more thoroughly t« their work when not incon 
venienced by the fumes. The hexagonal shape of 1 
apparatus is of course not importjint, but happened i 
be convenient for the building in which it is placBJ 
and the number of pitchei-s to be used. In larger estB 
lishmeuts the same principle can easily be applied in other 
ways. 

•Separation and Washing of the Nitro-Glycerine. — As 
soon as all the glycerine has been run into the pitchers 
the conversion is complete, but the nitro-glycerine has to 
be separated from the large quantity of acid still remain- 
ing. This acid is almost entirely sulphuric acid, very 
nearly all the nitric acid having been used up in the reao- 
■ tion. The nitro-glycerine is partly in solution and partly 
suspended in the heavy acid liquid. On diluting the acid 
with water, the portion in solution is precipitated, and an 
nitro-glj'cerine i.s a much heavier liquid than the diluted 
acid the whole of it settles to the bottom. 

A sketch illustrating the separating and washing appa^ 
ratns is given on Plate 11. The wooden tub A is sunk 
in the floor of the converting room. It is filled about 
three-quarters with water, and has a cover with a square 
opening, in whicli a leaden strainer is placed. By means 
of a rubber hoso connected with an air pipe, a current of 
air for agitating the water in it is led to the bottom of the 
tub. The pitchers are taken from the converting appara- 



tu8, and their contents poured thi-ough the strainer into 
the tub. The acid liquid descends in fine streanis and 13 
quickly diffused throngh the whole body of water. 

When all the pitchers have been emptied the air-pipe 
is withdrawn, and a short time allowed for settling. The 
heavy nitn)-glycerine collects at the bottom of the tub, 
so that the lighter acid water may be drawn off from 
above it. A wooden cock, 6, is put into the side of the 
tub, a short distance from the bottom, but above the 
level of the nitro-glycerine. Through this, the superna- 
tant acid liquid is run off and led by a rubber hose into 
the drain g. The tub is placed in an inclined position, 
and in the lowest part of the bottom is another wooden 
Btop-cook 62. Through this the nitro-glycerine is drawn 
in small quantities into the washing-tub B. The washiog- 
tub is of wood, lined with lead, and is supported by trun- 
nions in the wooden frame E. The trunnions are placed 
just above the middle, so that the tub will stand upright 
and yet can be easily turned or inverted. The pipes d 
and e. provided with valves are directly over the washing- 
tub and within the reach of the operator standing by 
the tub. One is a water pipe and there is attached to 
it a short piece of hose. The other is connected with 
the air main, and has a piece of hose long enough to 
reach to the bottom of the washing-tub. 

A portion of- the nitro-glycerine in the large tub A, 
having been drawn into the tub B, the air-hose is put in 
and a stream of water turned on. The air-current causes 
strong ebullition, raising and spreading the nitro-glycerine 
through the water. As soon as this tub is full the water 
is turned off and the air-hose removed. The nitro- 
glycerine rapidly settles to the bottom of the tub, so that 
in a few minutes the water above it may be poured ofE 
L by turning the tub on its trunnions. 
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Tliis operation is repeated until the nitro-glycenneiB 
thoroughly washed, when it is poured into a copper pail, 
and a new portion taken from the large tub.* 

When the wash water is decanted from B, it falls first 
into ihe tub C. As soon as this tub fills, the water runs 
off through the large lead pipe/, which descends nearly 
to the bottom of c, iuto the tight, open drain g. In thlit 
tub any nitro-glycerine which may have floated or been 
accidentally poured off has an opportunity to settle, and is 
saved. The building in which nitro-glycerine is made at 
the Station, is situated close to the shore, and the tig] 
drain, g, extends below high-water mark. 

When all the nitro-glycerine has been sutficientl 
washed it is poured into earthen jars, and allowed to 
stand, covered with water, until it "clears," when it is 
ready for use. 

The time required for making a run of nitro-glyceriS 
is about five hours, not including the time required 1 
cooling the pitchers, which will of course be different J 
different seasons. The quantity made in this apparata 
when all the pitchers (24) are in use, is about 80 lbs. 

This method of making nitro-glycerine is a convenient 
one from the simplicity of the apparatus, and has been 
found serviceable for the occasional requirements of the 
Station. But for steady work on a large scale it is not 
as desirable as other methods of operating. The hand- 
ling of small quantities of material takes much time and 
labor, while the reaction goes on more steadily and regu- 
larly with larger masses of material. The simplest, and 
a very effective method, is to use a large amount of the 
mixed acid (2000 to 3000 lbs.) in a large leaden or iron 

■Very llion)ii(;h waslilng rjui be oblHlned by this method. Nltro-Bljverliie Is ■ 
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tub, contniniug also coila of pipe through which cold 
water is forced; tliis tub is set within another of wood, 
and the annular space between is traversed by cold 
water; agiUition of the acid is brought about by agitators 
driven by power (in some cases the agitators are driven 
by hand, but this is very objectionable). The glycerine 
is run in through an opening in the cover of the tub and 
distributed so as to fall upon the acid in a number of fine 
streams, Tlie temperature is observed by a thennonieter 
passing through the cover. When the deaired amount 
of glycerine has been run in, the contents of the tub are 
drawn off into water and the nitro-glycerine separated. 

In another form of apparatus a leaden tank is placed 
within a wooden one, so that water can be passed be- 
tween them; in the tank a hollow shaft revolves about a 
horizontal axis, carrying paddles for a portion of its length, 
and for the remainder a cylinder, so that cold water may 
be led through the shaft and cylinder. The glycerine falls 
upon the surface of the revolving cylinder and is thus con- 
veyed into the acid, which is agitated by the paddles. 

Nobel's apparatus consisted of a vertical leaden cylin- 
der placed inside a wooden cylinder. Cold water circu- 
lates between tiie two, and also through lead worms 
coiled up inside the lead cylinder. A double pipe, formed 
like an injector or gas blowpipe, leads vertically down 
to the bottom of the cylinder, the outer pipe carrying 
the glycerine, and the inner compressed air. A charge 
of acid is placed in tlie cylinder and the glycerine is in- 
jected into it by the compressed air, which also effects a 
very rapid and intimate mixing of the liquids. 

At the Ardeer works of the Nobel's Explosives Co., a 
mixture of 1.2 tons of nitric acid (Sp. Gr. 1.5) with two 
tons of sulphuric acid (Sp. Gr. 1.84) is cooled down 
and run into the cooled lead tanks, and 7.5 cwta. of g\y- 



16 



cerine (Sp. Gr, 1.26) are injected in the form of a £ 
Hpray, the temperature being carefully watched and 
never allowed to exceed the danger limit. The comple- 
tion of this nitrating process is indicated by the fall uf 
the tliemiometer, owing to the cessation of the chemical 
action, and when the temperature has fallen to a, certain 
point, the mixture of acid.t and nitro-glycerine is run off 
into another tank, where, by virtue of the different spe- 
cific gravities, the nitro-glycerine separates in a jiliort 
time and floats on the top of the acids, when it iw drawn 
off and washed to purification. 

The process of Boutmy and Fancher.* which is em- 
ployed by the French Grovernraent at their works at 
Vonges. differs in principle from any of those described. 
In this process two mixtures are first prepared, one a 
mixture of nitric and sulphuric acids in equal proportions, 
the other a mixture of one part of glycerine to 3.2 parts 
of sulphuric acid. These are then thoroughly cooled, 
and they are tlien mixed together in the proportion nf 
5.6 parts of the nitric-sulphuric mixture to 4.2 part.-* of 
the sulpho-gly eerie mixture. The whole is placed in 
an earthen pot, surrounded only by the atmosphere, and 
the operation is left to take place, which it docs quietly, 
the nitix)-glycerine separating as formed and rising to the 
surface of the liquid mass, from which it is eventuallv 
skimmed off, washed and purified. 

The theory of this operation is that the glycerine and 
sulphuric acid form the glycerol-sulphuric acid, 

PH I <°"'' 
^'"' \ O.SO.H 

and that this reacts with the nitric acid as follows: 
C,H. I jj™'^+3HN03=C.H,0,(NO,),+2H,0+H.S 

*l^)r n fuller ilescripUuii with dniwlogs, aen Proc. Xav. Iittt. B, lUi ISTB. 
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It ia claimed for this process that it is is simple iu execu- 
tion, requires but little apparatus, is safe and gives a 
large yield. Tbf claim for safety ia questioned on the 
ground that thtf nitro-glycerine remains for a danger 
ously long time in contact with the acids, aud the explo- 
sion at Pembrey Burrows, iu 1883, where this process 
was used, is cited ia sup|)ort of this criticism. It may 
be replied that it is now the custom at the fiictories, 
where the other processes are employed, to allow the 
nitro-glycerine and acids to remain in contact for a long 
time, until the nitro-glycerine separates completely from 
I the acids, so that by skimming, the acids nuiy be re- 
covered undiluted and be reworked, and that the oper- 
tion is not considered extra-hazardous, while, besides. 
Dr. Dupre' found that -very impure glycerine and acid 
had been used at Pembrey Burrows at the time of 
the exploftion, aud this was sutiicieut to account for its 
origin. 

The object of separation by ^'skimming" is to recover 
the unconverted acids and thereby reduce the cost of 
manufacture. W. Poetscb* describes the method he em- 
ploys as follows: On heating the waste acids, consisting 
of sulphuric and nitric acids and organic nitro-cora pounds, 
8t 105*, decomposition of the nitro-compounds ensues, ox- 
idation to carbon dioxide taking place at the expense of 
the nitric acid which is present. During the reaction 
enough heat is liberated to volatilize the remaining por- 
tion of undecomposed nitric acid aud the lower oxides of 
nitrogen produced, pure sulphuric acid being left in the 
residue. Poetach uses a closed vessel of stone or lead, 
having a perforated false bottom 50 cm. above the bot- 
tom. Tlie upper space is filled with stones or broken 
stoneware, and heated by hot air. The waste acid is in- 

•OJn(jf. pOlilt. J. MO, ?/9. 
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troduced in a thin Ktreani through a funnel fitted into thl 
cover of the vessel, and, passing over the hot etonen, is 
decomposed. The nitrogenous vapors are ltd thn>ugh on 
earthemvare pipe to a cooling worm, and collected U 
Wolff's bottles, air being introduced to oxidize the gaalfl 
to nitric acid. The denitratcd sulphuric acid then floM| 
through the perforated bottom, and is run into receivtuH 
tanks. fl 

From the equation we find that one part of glycerioH 
should yield 2.46 parts of nitro-glycerine, but this jH 
never realized in practice. The proportion of nitrtfl 
glycerine obtained is dependent almost entirely upon tlM 
acid used. If the glycerine is weak the product will fifl 
off, but the small difference in strength of gtycerilH 
ordinarily- found exercises little effect. If the acids ufl 
weak, however, the product is markedly lew. This do^H 
not depend to any extent upon the :nethod or form 4H 
apparatus operated, but only upon the acid taken. Wea^[ 
acids will carry smaller qiiantities of glycerine and gtvfl 
lower proportional products than strong ones; confl^| 
quently statements of relative products obtained are dH 
comparatively little value unless accompanied by a stati^| 
ment of the kind of acid employed and the relatiwB 
amount of glycerine treated. At Vonges they ohtainaH 
1.8, while the Ardeer works get 2 parts, the loss betriH 
accounted for by the supposition that other compoun^H 
are formed which are carried away with the acids, !^H 
this country we obtain rather more than two parts, usifl^| 
one part of glycerine to from 7.5 to 8 parts of niixe^l 
acids, and with care in the preparation of materials 2^M 
parts can be obtained. ^M 

In all processes for making nitro-glycerine the great«l|H 
care must be taken to prevent any accidental mixture a^ 
water with the charge in the converter. A very littiH 



water shows itself by the greater trouble and slowness ex- 
perienced in running and in the falling off of the product. 
If more water enters, the heat will be greater thau can be 
carried away by the usual means of cooling, and the 
charge is " fired." Usually this means only an active 
deconi position accompanied by clouds of nitrous vapors. 
Slight "fires" may be stopped hy vigorous agitation, but 
if the firing is persistent, the contents of the tub should 
he run off as rapidly as possible, A constant agitation of 
the liquid should be kept up during drawing off to pre- 
vent separation of the uitro-glycerine. 

When mixing the glycerine in the converter the oper- 
ation is slowly perfonued in order to keep the tempera- 
ture down, but, if the temperature is within the limit, 
the mixing should be perfoiined as rapidly as possi- 
ble and the nitro-glycerine removed from the sphere of 
action. Rapidity of working is largely dependent upon 
the quality of acids used, since the heat evolved is least 
when the strongest acid is used. In general with highly 
concentrated acid, not only is the product pi-oportionally 
increased, but the reaction also goes on more uniformly 
end is more readily controlled. 

At ordinary temperatures nitro-glycerine is an oily liq- 
uid having a specific gravity of 1.6, Freshly made, by the 
Station method, it is creamy-white and opaque ; hut be- 
comes transparent ("clears") and colorless, or nearly so, 
on standing for a time, which is dependent on the tempera- 
ture. When produced by " skimming " it is transparent, 
but it is often found in commerce to have a yellow or 
brownish-yellow color. Although very slightly soluble in 
it, it does not mis with and is unaffected hy cold water. 
It has a sweet pungent, aromatic taste, but is an active 
poison, 80 that mere contact with it will induce in most 
persons a violent sickness and an especially painful form 
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of headache, but those constantly' employed about it, aa , 
a rule, soon lose their suHceptibility to its action. Strong 
black coffee is recommended aa an antidote. It is i 
in minute doses as a medicine, or rather as a palUative^l 
in cases of angina pectoris. 

Nitro-glycerine is soluble in methyl ethyl and amyljl 
alcohols, in benzene, in carbon disulpbide, in all propoft 
tions in ether, chloroform, glacial acetic acid and phcnol^l 
and sparingly in glycerine. It is rapidly decomposed byJ 
alkaline sulphides with the separation of sulphur, and I 
slowly decomposed by an alcoholic solution of potassium ' 
hydroxide, by ammonia, alkaline carbonates, hydrogen- 
sodium phosphate, hot water, ferrous chloride, hydrogen 
chloride and sulphuric acid (1 : 10), though, according to 
Hay,* concentrated sulphuric acid has no action upon it 
It presence may be detected by a solution of aniline in ■ 
concentrated sulphuric acid which yields a purple color J 
with nitro-glyccrine that changes to green on the addi-i" 
tion of water. The stability test for nitro-glycerine, and! 
explosives of which it forms a part, is the same as thafc^ 
used for gun-cotton, but the time required is but ten 
minutes. 

Freshly made, opaque, nitro-glycerine freezes at from 
— 3" to — 5° F, while the transparent or "cleared '^ 
nitro-glycerine freezes at from 39° to 40° F, in both cai 
freezing to a white crystalline mass. Once frozen It r» 
mains in this condition, even when exposed for some timel 
to a temperature sensibly above its freezing point. When * 
frozen it may be conveniently and safely thawed bvj 
placing the vessel containing it inside another containing 
water not hotter than 100° F, but these precautioru 
should be strictly observed, aa most of the accident! 
which have occurred with nitro-glycerine, and esplorivi 
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t forma a part, have resulted from foolish 
criiuinally careless attempts to thaw the frozen material 
by other means. Frozen explosives should never be put 
into the vessel containing the water, or brought into con- 
tact with any heated surface, except as directed above. 

Pure nitro-glycerine does not spontaneously decompose 
at any ordinary temperature, but if it contains free acid, 
decomposition is apt to occur, and it is therefore very 
important that all acid should be removed by washing 
with water and alkaline solutions. Quantities of nitro- 
glycerine have been kept in the magazines at this Sta^ 
tion for years, without special precautions having been 
taken to protect tliem, and yet they have remained en- 
tirely unaltered, nor has any case yet been noticed of 
the spontaneous decomposition of the properly made and 
purified substance, According to A. Brull,* when, owing 
to the presence of free acid, decomposition does set in, 
it proceeds in a slow and tranquil manner, disengaging 
nitrous vapors, which color the liquid green, then de- 
veloping nitrogen and carbon dioxides and crystals o£ 
oxalic acid, until, after some months, the entire mass is 
transformed into a greenish, gelatinous body composed 
of oxalic acid, water and ammonia. Sometimes, if the 
temperature is high, as when heated by the sun, the de- 
I composition is more active, but it by no means always 
leads to an explosion, though this must depend somewhat 
upon the quantity involved. 

Pure nitro-glycerine is, not sensitive to friction or 
moderate percussion, except when pinched between 
metallic surfaces. If placed upon an anvil and struck 
with a hammer, only the particle struck, as a rule, ex- 
plodes, scattering the remainder. A quantity of it has 
been thrown up by means of a rocket to a height of 1000 
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feet, from which it fell without being exploded on im- 
pact. When, however, in a state of decomposition, it i*^ 
exceedingly Hensitive and explodes violently when struck,; 
even if unconfined. It must be noted that if conipletely. 
confined, the efifect of a blow on pure nitro-glycerine may^ 
produce explosion, since, from its liquid form, it is nearly] 
incompressible. In the case cited above local explosioi 
occurs only because the hammer is lifted, and the rest tA* 
the explosive is blown awny, but if it was so confined 
that there was no escape for the effect of the explosion 
of the particle first struck, the whole mass would proba- 
bly be fired. 

If nitro-glycerine is freely exposed to flame it bumsi 
with a brilliant flame and without explosion. If a dropj 
of nitro-glycerine be placed on a metal plate and alowlyi 
heatfd up, the nitro-glycerine may be completely vapoi 
ized without explosion, or if the plate be first heated 
iucandesence and the drop then placed upon it, the droi 
will assume the spheroidal condition and eventually 
latilize without explosion, but if the hot plate be just 
low incandeeence, so that the nitro-glycerine can comi 
in contact with it, the drop explodes with a violent : 
port. The firing point of nitro-glycerine is about 180' 
(356° F), but it begins to decompose under the influeni 
of heat at a somewhat lower temperature. 

Nitro-glycerine is fired by means of detonators or bli 
ing caps containing mercury fulminate, it being moi 
readily detonated by this means than gun-cotton is. 
is essential for success that the detonator should be 
mersed in the liquid so as to be in direct contact with il 
but when the caps are fired by means of a running fi 
care should be taken tliat the fuse does not touch 
nitro-glycerine, as the latter may be set on fire before 
cap explodes, and an incomplete explosion, which woi 
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9ono«3 fumes and ciiuse a loss of enerj^y, 
mi^ht then result. When fired by a gun-powder fuse 
only, the action is very uncertain, for sometimes the nitro- 
glycerine is exploded and sometimes not, and even when 
I it is exploded by this means, the force developed is much 
less than when it is detonated by means of a fulminate. 
It may be detonated, even when fi-ozen, by means of a 
heavy charge of fulminate, but the action is not certain. 
Its insensitiveness when in the frozen condition is shown 
by the fact that 1600 pounds of the liquid exploded in a 
magazine which contained also 600 pounds of the frozen, 
and that the latter was broken up and scattered in every 
direction without being exploded. 

Nitro-glycerine may be conveniently stored in large 
earthen crocks, which should be placed in copper buckets 
to catch the nitro-glyeerine, Lf by any means the crocks 
should be broken. There should be a layer of water 
above the nitro-glycprine, and this should be tested with 
litmus paper as often as once a month to determine if 
any acidity is being developed in the explosive. If a 
slight reaction is detected the explosive should be thor- 
oughly washed as described. If the acid reaction is 
strong, and especially if any green color is developed in 
the explosive, it should be destroyed, the best means for 
doing so being by exploding it in a safe place. 

The liquid form is very inconvenient for transportation 
Owing to the danger of leakage ; it is therefore advisable to 
freeze the nitro-glycerine and carry it in the frozen stjite, as 
it is then perfectly safe. For this purpose it should be put 
Jn strong tin cans holding about 45 or 50 pounds, each 
can being paraffined on the inside and provided with a 
tin tube passing vertically through its centre, so that 
ireeziug or thawing may be more easily accomplished. 
|jill vessels in which nitro-glycerine has been kept should 
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be destroyed when not wanted for the same use, as the 
nitro-glyeerine cannot be easily washed off. Should any 
nitro-glycerine be accidentally spilled it can be safely 
destroyed by means of a solution of an alkaline sulphide. 

Nitro-glycerine is one of the most powerful explosives 
in use. In difficult blasting, where very violent effects are 
required, it surpasses all others. In spite of the many ac- 
cidents that have occurred with it, it has beeu found to 
be HO valuable that its use has steadily and largely in- 
creased. Its liquid form is a disadvantage, except under 
favorable circumstances, such as when made at the place 
where it is to be employed. It, however, forms the es- 
sential ingredient in a number of solid mixtures, which 
will be considered later. When used in blasting or simi- 
lar work it is usually put in tin cans or cartridge cases. 
A very good case may be made for it by rolling up stout 
brown paper into a cylinder of the desired diameter, glue- 
ing it, and fastening into one end a cork by choking with 
fine wire. When dry the case is soaked in melted pamf- 
fine. The fuse wires should pass snugly through a cork 
which fits the open end. This cork may be firmly fixed 
in the case by means of small tacks. If the bore holes 
are water-tight it may be poured directly into them, but 
it is rarely safe to do this, as there is great danger that 
some of it will escape through seams in the rock and not 
be ex])loded, remaining to cause accident at a future time. 

Since nitro-glycerine is so readily detonated it has the 
advantage of not requiring strong confinement. Even 
when freely exposed it will exert violent effects, such as 
breaking masses of rocks or blocks of iron. So, in blast- 
ing, it requires but little tamping. Loose sand or water 
is entirely sufficient. 

The relative force of nitro-glycerine is not easily esti- 
mated, since the effect produced depends greatly on the 



attendant circumatancea. Thus, a charge of nitro-glycer- 
ine in wet sand or any soft material will exercise but a 
slight effect, while the same charge will Khatt«r many 
tons of the hardeat rock. In the tonnercaae much more 
smd would be thrown out by a slower explosion, which 
"would gradually move it, than by the sudden violent 
shock of the nitn>glycerine, which would only compretia 
the material immediately about it. But in the hard rock 
the sudden explosion is much more effective than the 
same amount of force more Mowly applied. Roughly 
speaking, it may be said that nitro-glycerine in eight 
times as powerful a» gunpowder, weight for weight. 

Nobel states that when nitro-glycerine is completely 
exploded it ia resolved into carbon dioxide, water, nitro- 
gen and oxygen, which may be expre.tsed by the equa- 
tion 

4C3HA{NO,)3 = I2CO2 -f 10H,,O + GN, + O^, 

from which we see that the molufjrams* yields 

By Weight and by Volame Rt 0° ami :c cm. 

182 gmms 22.32 X 3- = 66.96 liters COj 

45 " 22.32 X 2.5 = 65.80 " H^O 

42 " 22.32 X 1.5 = 33.48 " N 

8 " 22.32 X .25 = 5.68 " O 
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161.82 



lerthelott gives the heat of combustion, or calorific 
power of nitro-glycerine, a.s 356500 cal. Sarrau and 
Vieille have obtained 3GO5O0 cnl. by direct experiment. 
We will use the lower of these two numbers for deter- 
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iQining the calorific intensity, while for the specific heats . 
of the products, or W,S| -|- W^Sj -|- etc., we have 

132 X -2169 = 28,63 
45 X .4805=21.63 
42 X -2438 = 10.24 
; X .2175 = 1.74 
Total, 62.64 
: 5728" is the ciilorific inteusity, 
161.82 X 6001 



aod 



356500 



62.24 
then V = - 



273 



- = 3557 liters, 



3557 
or one gnim of nitro-glyceriiie will yield nj^- - = 



: 15.7 lite 



The density of nitro-gl^'cerine being 1.6, one cubic c 
timettr will weigh 1.6 grams, and, therefore, one culii 
centimeter will yield 25 liters of gas and, the volume I 
maining constant, it \vil\ exert a pressure of 25000 i 
n)o.«pheres, or 164 tons per square inch. 

The velocity of propagation of the explosive waVi 
when the nitro-glyceiine ia enclosed in tubes of 3 mm. in 
diameter, is, according to Berthclot,* but from 1078 to 
1386 meters per second, it being 2333 tu 2753 meteq 
for dynamite and 5200 to 6000 for compressed pulvei 
lent gun-cotton. This is remarkable as the highly eU 
tic, nearly incompressible litjuid ought to be the betf 
conductor. 

Nitro-glycerine is now but little used in the free sta 
its principal use in this condition being for " shooting " 
■wells, in order to free tliem from the paraffins with wh 
they become clogged, or to shake the oil bearing i 
stone, so as to increase the yield. The torpedoes used | 
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this purpose consist of tin shells from tliree to five 
inches in diameter, and from five to twenty feet in length. 
The shells are taken to the well empty, the longer ones 
being in sections which are put together as they are in- 
Berted in the well. After the shells are inserted they are 
filled with the explosive, closed with a tightly-fitting 
cover to which a strong percussion cap is attached, and 
lowered to the bottom of the well (which is often 1500 
feet or more in depth) by means of a wire. A perforated 
iron weight is then sti-ung on the wire, and when the tor- 
pedo is in place it is exploded by allowing the iron 
■weight to drop from the surface and strike upon the cap. 
An advantage which nitro-glycerine possesses over 
gun-powder for use in mining is that in the liquid state it 
may be poured directly into the bore-hole, and that it 
■may readily and easily be tamped by pouring water upon 
, it, thus avoiding the dangerous procesH of tamping by 
ramming, which has given rise to many accidents and 
Caused the loss of many lives. It is obvious, however, that 
liquid nitro-glycerine can be used for this purpose only 
in holes which tend downwards, while in the operation of 
mining it is neceysary to drive holes in every direction. 
This together with the fact already noticed that the liquid 

»Btnte made nitro-glycerine a difficult substance to store, 
transport and use with safety, impressed the manufac- 
turers with the necessity for devising some means by 
which* it could be converted into such a solid state that 
the dangers noted could be avoided,while its great power 
i«nd susceptibility to detonation could still be availed of 
at will. How this has been accomplished will be shown 
in the next lecture. 

It should be noted here, however, that a deface em- 
'ployed by Nobel to render nitro-glycerine insensitive, 
until desired for use, was by adding 15 to 20 percent of 
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methyl alcohol to it. The two liquids were perfectly 
miscible, and the mixture wan completely insensible to 
blows and even to detonation. When desired for use 
6 to 8 volumes of water were added, which precipitated 
the nitro-glycerine out imchanged. It can readily be 
seen, however, that this scheme was commercially im- 
practicable. 

Reference books, HilVs Notes, Proc. Nav. Inst.j Desor- 
tiauxy Bertheloty CundilVa Diet of JExplosivea, 1888. 



LECTURE X. 



dtnamite-gun-cotto:n powders- 
explosite gelatine. 

We have shown that the many objections to tlie liquid 
state urged Nubel tu devise some means for changing it, 
but the prohibition which was issued against the use and 
■ansportation of nitro-glycerine, no doubt operated as a 
Boore powerful stimulus, as. in the existing state of things, 
t made his invention worthlews and wiped out the capital 
nvested in the plants designed for its production. After 
nauy efforts the defects of tlie liquid state were over- 
tome, the dangers attendant ou transportation and use 
rere neutralized, and financial disaster was prevented 
»y the invention of dynamite., whicli was perfected in 
1866 and put up for sale about June, 1867.* 

This body is described in his English patentt as follows: 
'This invention relates to the use of nitro-glycerine in 
n altered condition, whicli renders it far more practical 
ud safe for use. This altered condition of the nitro- 
[lycerine is effected by causing it to be absorbed in 
lOroils inexplosive substances, such as charcoal, silica, 
Mper, or similar materials, whereby it is converted into 
|,'powder, which 1 call dynamite or Nobel's safety pow- 
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der. By the absorption of the nitro-glycerine in some 
porous substance it acquires the property of being in a 
high degree insensible to shocks, and it can also be 
burned over fire without exploding." 

It will be observed that the nitro-glycerine is not really 
converted by this means into a solid, but that it is only 
stored up in and conveyed in the solid, which sucks it up 
and retains it in its pores, just as it would any other liq- 
uid, through the force of capillarity. It is stated that 
this discovery was accidental, some nitro-glycerine having 
leaked from the cases, in which it was being transported, 
into the sawdust, in which the cases were packed, and 
having been absorbed and retained by the sawdust. It 
is highly probable that such an accident did occur, and 
that the observation of this occurrence, combined with a 
knowledge of the well-known action of porous and finely- 
divided solids towards liquids, suggested the application 
of the principle to the solution of this problem, and led 
to the carrying on of the experiments necessary to deter- 
mine which solid was best fitted for the purpose; what 
the conditions were under which it could be depended 
upon to retain its liquid contents ; and whether under 
these circumstances the nitro-glycerine contents could 
be detonated with ease and certainty and so as to pro- 
duce a useful effect. 

Amon<z: the manv solids available, the substance known 
as kiesehjuhr was chosen as best fitted for this use, on 
account of its high absorptive power; the firmness with 
which it retained the liquid under considerable variations 
of temj)erature; its great chemical stability and entire 
iu;il)ilitv to react with the nitro-^-lycerine; its abundance; 
and its eliea])ness. 

Kieselguhr is a substance which is familiar to all under 
the names of ''tripoli'' or ^"^ rotten-stone ", and is now 



«oId in commerce as a polishing powder under various 

fanciful names. It was formerly aupposei^ to be the 
debris of disintegrated rock, an<l much surprise was ex- 
hibited when EhriMiberg announced that tripoli was en- 
tirely composed of the inorganic remains of countless 
.millions of extremely minute organic beings called in- 
fiisone or diatoms, and when it was further discovered 
that deposits of this kind were quit« numerous and were 
constantly iu process of foniiation over widely extended 
areas. Enormous depositjt of this infusorial or diatoma- 
.ceous silica were formed during the Tertiary period, and 
■one such may be traced from Herring's Bay in Maryland 
^ and beyond Petersburg, Virginia; Richmond being 
built upon a deposit which is twenty feet in thickness. 
Katuralty when found it is more or less contaminated 
with impurities, and so it is calcined to drive oflE water 
tpd organic matter, while more or less of the accom- 
panying sand is sifted away. It also generally contains 
a little iron, whicb accounts for the red tinge often seen 
in dynamite made from it. 

When in a pure and dry condition kieaelgiihr will take 
up three times its weight of nitro-glycerine, and will re- 
tain it even at the highest ordinary temperature. To 
produce this change we have simply to place the weighed 
quantity of kieselguhr in a non-poraus vessel, such as 
one of lead or wood, and pour upon it the w^eighed quan- 
tity of nitro-glycerine. and mix for a short time with a 
paddle, when the liquid will completely disappear, and 
we shall have a plastic mass which is scarcely, if any, 
moist to the touch. A better method of mixing is by 
means of a wheel mill made of wood with ebonite sur- 
faces. Of course the nitro-glycerine in the mass has not 
undergone any chemical change and so might, like the 
liquid, develop traces of acid during storage or exposure, 



hence a small amount of an alkaline carbonate, sucb as 
sodium carbonate, or a carbonate of an alkaline earth, 
8Uch as magnesium carbonate, may be mixed with the 
maHS to correct any acidity wliich may be develojml. 
Such a mixture an this described constitutes the original 
dynamite No. 1, now known as kieselguhr dynamite No, 1. 
Dynamite No. 1 is a granular substance having a pearl- 
gray to reddish color, a plastic consistency like that of 
brown sugar, and a density of 1.5 to 1.6. For use it is 
put up in stout paper cartridge cases, of convenient she, 
which are coated with paraffine to render them irape^ 
meslble to moisture. This protection against the action 
of water is important, for water drives the nitro-glycerine 
out fi-om the kieaelgvihr, and the neglect to provide 
against this action lias in several instances led to acci- 
dents. Dynamite keeps a.s well as the nitro-glycerine 
from which it is made. It is safer because it avoids thp 
liquid condition, while from its softness it will bear blows 
better. This was shown by experiments made by Nobel 
at Redhill. where a box containing 4 kilos of dynamite 
was thrown from a height of 20 meters on to tlie rocks 
below without causing explo.'^ion ; at Huettelsdorf where a 
barrel with iron hoops, coutaining 5.6 kilos of dynamite 
in cartridges, thrown from a height of 3.3 meters on to 
the rocks, was recovered intact; and at Stockbohn, where 
a weight of 100 kilos was allowed to fall from a height of 
7 meters upon a box filled with dynamite, the blow being 
sufficient to smash the box, without producing an e.\plo- 
sion. Its sensitiveness to blows, however, increases veQ 
rapidly with the temperature, so that, according i 
Eiasler,* " at 350° F, the fall upon it of a dime will exploj 
it." At ordinary temperatures dynamite may be i 
ploded by musket balls which penetrate the niB 
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perimetits made hi Austria (1S71) showed that the cer- 
tainty of explosion ilepends sonit-wlmt upon the nature 
of the envelope; at 60 paces tJie Werndl musket ex- 
ploded dynamite in a wooden ease at every shot, and at 
a greater distance when in a metal case; but that the ex- 
plosives may be exposed witliout danger to infantry fire 
at from 1500 to 2500 paces, depending on the nature of 
the case. These numhers must undoubtedly he inereaaed 
for more modern anns. 

The firing point of dynamite is about ISO" C (356° F), 
and at this temperature it either burns or explodes. If 
free f i-om all pressure, jar, vibration, or force of any kind, 
it burns ; otherwise it explodes. If a thin layer he placed 
on a plate of tin and heated over a burner it volatilizes 
or takes fire. H the layer is of any considerable depth, 
say over a quarter of an inch, it explodes. This is a 
dangerous experiment. When heated to any tempera- 
ture less than this, it is exploded by a detonator, blow, 
jar, or vibration with an ease dependent on the tempera- 
ture and time of exposure. When ignited in compara- 
tively small quantities it simply burns away fiercely, hut 
with moderate and larger amounts ignition cau.^es explo- 
sion. High temperatures much below the firing point 
may effect dyuamite unfavorably by causing the nitro- 
glycerine to exude, or in technical terms, " they will 
make the powder leak," hence a dynamite should be 
tested and made to resist exudation at the highest tem- 
perature to which it may be exposed. 

Dynamite freezes at about 40° F, and remains frozen 
at temperatures considerably exceeding this. If solidly 
frozen it cannot be detonated, except with great difficulty 
and uncertainty, but if loose and pulverulent it may be 
detonated, though the violence is much diminished, hence 
when frozen it is practically useless as a blasting agent 



and must be thawed or " tempered." This operation re- 
quires great care, and the instructions issued with each 
package should be closely followed. Many foolish pe^ 
sons suppose that, since it is reasonably safe to ignite a 
cartridge of unfrozen dynamite, it is equally safe to 
warm it upon a shovel, or in an oven, or in a tin vessel 
over a fire, or in various other ways which usually lead 
to a verdict of " accidental death," but would be more 
properly designated as suicide or manslaughter. It can- 
not be too strongly impressed upon the minds of those 
handling it that if dynamite or other nitro-glycerine 
preparations are gradually warmed up to a temperature 
approaching their exploding points they become ex- 
tremely sensitive to the least shock or blow, and once 
that point is reached they do not simply ignite, but they 
explode with great violence, and further that, owing to the 
poor conductivity of the mass, a portion of it which is in 
contact with the source of heat may become raised to 
this tenipeniture, while the rest of the mass is much 
below it. 

Frozen dvnamite is much less sensitive to a blow or to 
the impact of a projectile than unfrozen, but it is much 
more susceptible to explosion by ignition. For inst^mce, 
so small a quantity as one pound has been exploded when 
frozen, while larger quantities of the unfrozen material 
have burnt away without explosion. 

The commercial success attending the invention of 
dvnamite No. 1 led others to examine the fitness of other 
matei'ials for this use, and a great variety of mixtures 
under a variety of names were put upon the market, the 
best among them being Mowbray^s Mica Powder, in 
which minute scales of finely comminuted mica were 
used as the fibsorbent. He claimed for this powder a 
greater brusqueness of action than obtains with kiesel- 



:guhr djiiamitu on tlie ground that in this powder tlie 
nitro-glyceriue was wholly held superficially on the 
plates, while with the kieselguhr it was partially held 
in interstices within the skeletons, and that as a con- 
sequence the explosive reaction would travel more rap- 
idly in the first than in the second. Tliij^ is a nice point, 
but the results obtained by General Abbot* tend to dem- 
onstrate its reality. 

Early in the employment of dynamite it became ap- 
parent that dynamite No. 1 possessed certain disadvan- 
tages, among which were its great power and the violence 
of its action, wHich rendered it inapplicable for certain 
kinds of work, such as mining coal and quarrying rock 
for building stones, since it reduced the coal to powder 
and broke the rocks into fragments, while it was less 
efficient than black powder for many other kinds of work, 
as in soft rock and earth. It may be summed up that, 
in general, the harder and firmer the material to be 
blasted the more effective proportionally will the violent 
explosive be, while in soft material the reverse holds 
true. In hard rock the violent, momentary shock has 
an irresistible shattering effect, which is rapidly propa- 
gated through the dense material and thus becomes 
widely extended, while the material is strong enough to 
resist to a high degree the slowly developed pressure of 
the black powder. In soft material the great force of 
the violent explosive, suddenly applied, may act to move 
or compress the particles in the immediate neighborhood 
of the explosion, wliile the slower, accelerating force of 
the black powder will be transmitted over a large area 
and wiU cause the displacement of large masses. Hence 
' the circumstances may be such that the less powerful ex- 
plosive becomes the more efficient agent. 
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As the energy of dynamite No. 1 and its method of 
manifestation is dependent on the nitro-glycerine it con- 
tains, it seems apparent that, in order to reduce this 
energy and moderate the violence of the explosion, we 
have only to reduce the percentage of nitro-glycerine 
contained in it, and practice sliows this to be efficaciooi 
but only up to a certain point, namely, where the pri 
portions are reduced to 30 percent of nitro-glycerine, 1 
it is asserted by Howe* that a kieselguhr dynamite cd 
taining less than 30 percent of nitro-glycerine cannot l| 
exploded. If, however, we use a powder such as gifl 
powder, or one which contains combustible and oxidizi 
materials similar to tJiose which exist in gnnpowder, ■ 
shall obtain an absorbent (technically known as an i 
sorbent base or dope) which will retain considerafai 
quantities of nitro-glycerine and yet he capable of heia 
detonated even when it contains less than five percen 
An almost infinite niimber of such mixtures may he maT 
and many have been used. 

Owing to the explosive nature of the materials 
us the absorbent in these latter mixtures certain writt 
hiive divided the dynamites into two groups: 

1. Dynamites with an inert base. 

2. Dynamites witii an active base. 
Examples of the first are given in the following tflW 

and, althoiigh the bases are styled iuert, it will be fl 
served that some of the bodies used are combustibl 
and it is possible that they may be more or less c 
flumed by a portion of the oxygen of the nitro-glyeerinffi 
Carbo-dynamite is .snch a powder. This is a recently 
invented one, and has attracted attention from the 
highly-attracting and retentive power of the base, 
charcoal will absorb and retain nine times its v 



•gTycerine. Of course the different dynaiutu 
cuntuiti viirying pruportions of neutralizing ciirbonates. 

DYNAMITES WITH INEKT BASES. 



NaineotDynanilM. 


Alwortwnts, 


Sobers Dynamite No. 1, 


kieselguhr. 


GUiit powder No. 1, 




Dynamite blanche de Paulilless 




Dynamite de Voiiges, 


" 


E. C. dynamite. 




8. 1. d>-iiunittf. 




Butenberg'it explosive 




Dynnmite rouge. 




Hill's i>owder, 


prwiijiliil."! silica. 


Uowbray's mica powder, 


mica w-idi's. 


ABtwstos powder, 


asln'stiis. 


Hercules powder (Extra No. 1). 


magnesia hIUh. 


Uagnesift powder, 


" 


Kitro-magnite, 


'■ 


Dyna-inaguite, 




i>riuniiite de Ilogbeoil, 


aslii-s of ]iDgliead mineral. 


MMc powder. 


plaster of Paris, 


^^^Wb powder No. 


;duin and magnesium sulpliate 


^^^Ka nit role uin. 


red lead and plaster of Parie. 


^^^Bb dyiiauiite Co., 


liieselguhr and naphtlialene. 


Dynunite noire, 


simd and coke. 


Uataxiette. 


wind, (iciin?, charcoal and r 



Porifera nitroleum, 
Bursteulwnder's exploi-ive, 



Horse's explosive, 
Fulgurite, 



sponge or vegetable fibre and pljister 

of Paris. 
spongy vegetable substancea with gly- 

ciicoll or L-hondrin. 

c 1 1.1 rsply ground farinaceous subHt a iice, 

preferably com meal. 
ciiarcoftl from cork. 



Carbo-dynamite (IJorlanil'sl, 

The dynamites with active b«»eK may be conveniently 
claa.«*itied in severnl groups, depending on the cliief chai"- 
ncteristic of the base. Of course there will be great vari- 
atiunH in the compositions of the different dynamites 
classed in the same group, as, for instance, those with a 
gunpowder base, where one base may contain potassium 
nitrate, another sodium, another ammonium, and another 
all three of these nitrates or some other oxidizing agent: 
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where the combustible substances may be charcoal, 
starch, sugar, coal, peat, naturally decayed wood, sul- 
phur, and a multitude of others, except sawdust ; where 
the proportions may vary to an infinite extent; and 
where the state of aggregation and outward form may 
vary to an equal extent. It is owing to the great extent 
to which these possible variations have been availed of 
that I have concluded that it is unnecessary to go into a 
minute description of these dynamites, even if the time 
allotted would pennit me, and simply to group them so 
that their general chanicters could be seen at a glance. 

DYNAMITES WITH GUNPOWDER BASES. 



Ammonia dynamite, 
Ammoniakkrut, 
Ammonic ]x»w(ler, 
C'oadV explosive, 
Chanii)ion's powder, 
C'olonia i)ow(lfr, 
Dittniaiiirs jjowder. 
Dynamite No. 2, 
Dynamite an cliarl>on, 
J )ynaniite d'anmioniacpie. 
Dynamite j;rise» de Paulille.s 
Kxtra i)()\vder, 
F()\vl(*r*s exi)losive, 
(riant i)(>wdt^r No. 2, 
(iot ham's powder. 



Ilercules powder, 

Ilorsley's i>owder No. 2, 

Jud8c>n iwwder, 

Jupiter i>owder, 

Lithofracteur, 

Monakay's explosive. 

Miner's Powder Co. dynamite, 

Neptune powder, 

Potentia, 

Petrolithe, 

8«'l>astine, 

Thunderbolt powder. 

Titan powder, 

A'irite powder, 

A'ulean powder. 



Altlioii":h the dvnainites which contain sawdust, to- 
o'ether with oxidizing agents are really dynamites with 
gnn])o\vder bases, 1 liave separated them from the pre- 
vious group because they have attracted especial at- 
tention under the name of lignin-dynamites, and be- 
cause, too, that these dynamites possess the special ad- 
vantage of resisting the action of water, that is, that 
water does not cause the nitro-glycerine to exude from 
them as it does from the No. 1 and other dynamites. 



LIGN IN-DYN AMITES . 



^tiiEi piiwder, 

Allan jiowder, 

Bmin's jwwder, 

Uualiii, 

Drniunite de Kninimel, 

Dynnmite dp Lnnky, 

Ilecla powdf r, 



Miner's Friend imwilt-r, 

Petralitlie, 

RpndtML-k, 

Rhexite, 

Safety nitrcwtiovrder, 

SfluUtze's dynaiuitt!, 

Vigorit*. 



In the next group I have placed those dynamites in 
which the base is partly or wholly composed of cellulose 
nitrate; either the soluble or insoluble variety, or that 
made from cotton, wood pulp or any variety of cellulose; 
and mixed with a variety of other substances, omitting, 
however, those made with explosive gelatine or similar 
substances. 

For the sake of brevity I will Rtyle these 

DYNAMITES WITU GUN-COTTON BASES. 



Cellulose dynamite, 
Clnrk's f xpUiBive, 
Dean's esidoMive, 
Dittniann's explonive, 
Cilyoxiliiie, 



Paleine, 

Pmishnn's explosiv 
Si'hu Use's dyimmit 
Stmw dynamite, 
Trauxl's dyiiumite. 



The theory upon which these are formed is seen from 
the following equations: 

4{C3Hs)03(NO,)3 = l-^COj + Kill^O + GNj + 0,. 

2(aHA)Oa{iNO,)3 = 9C0 + 3C0a + 7H,0 -f 3N« 
where it is shown tliat when nitro-glycerine is detonated 
free oxygen is evolved, while when gun-cotton is deton- 
ated carbon monoxide, which is a product of incomplete 
combustion, is prffduccd. Now, if we mix the two explo- 
sivcH in the pivper proportions we ouglit to obtain com- 
plete combustion without any uncombined oxygen being 
liberated, and, under these circumstances, we ought to 
obtain a more powerful explosive than we have in either 
rf the constituents alone. As a fact, the»e proportions 



nrt' only realized in expli 



givt 



1 abovi 



s simply 



ftelatine, and t 
dynamites with powerfully 



expH 



Bive bases, 

Bewde« these we have dynamites formed by mixi 
nitro-glycerine with other explosive nitrates tha 
cellulose nitrates, such as Glukodhie. conBisting of 
glycerine and nitro-saccharose, and Thunder Poxodtr, 
consisting o£ nltro-glycerine and nitro-glucose. 

Glukodine is made by mixing glycerine and cane su| 
together and treating the mixture as for making nil 
glycerine. 

Thunder powder is made by mixing glycerine and 
honey and treating them in the same way as above. The 
products in each ca»e are mixed with an explosive dope, 
generally a lignin one. 

Explo«ve or combustible nitro-substitution compounds 
are also used for, or as constituents of, the dynamite dopes, 
as in Castellano's powder, where the dope consists of 
fibrous niateiial and pulverized earth containiug nitro- 
benzene; OT \n EngeT » jiowder, viKu-Xi contains pyroxy- 
line. pyropaper, nitro-starch, nitro-mannite, nitro-benzene, 
water-glass and mineral nitrates. 

I have by no means exhausted the list of dynani; 
but I have aimed to give examples from among 
better known of each group. 

In estimating the potential energy of a d>Tiamit€ with 
an inert base, such as kieselguhr dynamite, we cannot 
neglect the effect of the base, for though it is inert a« far 
as any chemical effect iij concerned, it is not so as regards 
the physical effect. Thus, as we have seen, the energy 
of an explosive depends upon the quantity of gas liber- 
ated and the temperature to which this gas is raised; the 
the pressure exerted, fur a density of loading of unity, 
depends upon the volume of the products of the explo* 



it^ 



^ne, 
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non, when unconfined. a» compared with the volume of 
the explosive from which they are produced; niul the 
efficiency of the explosive depeiida upon the nature of 
confiniiij^ envelope, the physical condition of the explo- 
sive, the manner in which the explosive reaction is gen- 
erated and propagated, and the speed with which the 
propagation takes phice. Now, with Nobel's dynamite 
No. 1 the quantity of gas liberated and the heat evolved 
will be the siinie aw would result from the nitro-glycerine 
contained in it if that ma«s of nitro-glycerine were by 
itself, but the temperature of the gaa, and hence its vol- 
ume, and therefore the resulting pressure for unit vol- 
ume will be less, owing to the fact that a considerable 
portion of the heat evolved is expended in heating the 
kieselguhr. Taking the specific heat of the kieselguhr 
to be the same as that of the compressed gases (and this 
is sufficiently exact) one-fourth of the total heat evolved 
will be expended in this way. With this assumption, 
together with the datji given on pages 25 and 26 of Lec- 
ture IX, we can calculate approximately the pressure 
whicli such a dynamite would give for a density of 
loading of unity. 

Thus, in a mass of 75 percent dynamite, weighing 227 
grams (that i.s, a mass equal to the molugrams of nitro- 
glycerine), there will be 

.75 X 227 = 170.25 grams of nitro-glycerine, 
which will yield 

.75 X 161.82 = 121.37 liters of gas at If and 76 cm., 
end these 170.25 grams in burning will yield 
.75 X 356500 = 267375 calories. 

Having assumed that the specific heat of the kieselguhr 
is the same as that of the compressed gases, the numer- 
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ical value of W,S, -f- WgSj -f- etc. will remain unchanged 
and, therefore, the calorific intensity will be 

267375 _ 
62.24 ~ ^"''^ ^' 

whence F' = -070 = 2031 liters, 

or one gram of dynamite will yield 

2^31 ft 0- y, 
-^iyj = o.9o liters, 

and, the density of the dynamite heing 1.6, one cubic 
centimeter will yield 14.32 litei's of gas. 

To find the pressure for a density of loading of unity 
w^e must take into consideration the fact that the solid 
remains unchanged and, as the density of the dynamite 
is the same as that of nitro-glycerine, the volume of the 
vessel will be reduced by that of the kieselguhr, hence 
it will be 

14320 
^^ = 19003 atinos])heres or 125.3 tons. 

Tlie efiiciency of a dynamite with a gunpowder base 
has been in the ])ast a matter of dispute. Of course the 
constituents of the base may be such, and be mixed in 
such proportions, as to be of little or no value, but, on 
the other hand, the constituents and proportions mav be 
those of the best gunpowder. Granting the last condi- 
dilions, there have been some who have held that the 
gunpowder could add nothing to the effect, as the explo- 
sive reaction is propagated so rapidly in the nitro- 
glycerine that the work is done before the gunpowder 
begins to act. As a fact, experience in practice, and 
experiments made with testing machines,* show that 
such dynamites do more work than the nitro-oflvcerine 

*Drhikfr''8 Ejplofiirr Comjtouiufs 73-fiii: 1883. 



present in them would do when alone. This may he ex- 
phiined as follows: 

When gunpowder is exploded by ignition the explosive 
reaction is propagated in a eomparatively slow and pro- 
gressive manner, and hence the heat evolved is dissipated 
to such an extent that the temperature of the gases falls 
below the theory. When gunpowder is detonated the 
propagation of the explosive reaction is more nearly in- 
stanUmeous, a higher temperature is produced, a ga'ater 
volume of gas is developed, and the mass is able to do 
more work. If gunpowder be mixed with nitro-glycerine 
and the latter bo detonated the gunpowder will probably 
be detonated also, and the resulting force will he the 
Kuni of the forces of the two explosives, and they will 
operate at nearly the same time. 

When discussing the composition of gunpowder it was 
pointed out that many cheaper oxidizing agents had 
been pmposed for use in place of the potassium nitrate, 
but that the principal ones were unfit for this use as they 
are deliquescent. Such salts are, however, used in the 
gunpowder dopes, and it is claimed that their presence 
makes the dynamite unfit to bear climate ehanges and 
makes it especially dangerous in warm or drying weather.* 

As it may sometimes be desirable to ascertain if a sub- 
stance contnins nitro-glycerine, the following teats may 
be applied: If a liquid is oozing out, or can he squeezed 
out from the substance, put the drop on blotting-paper. 
If this is nitro-glycerine it will make a greasy stain, not 
(Usappearing or drying away; struck with a hammer on 
iron, it will give a loud report; lighted and burnt, it will 
give a crackling sound and a yellowish to greenish flame ; 
gradually heated by a flame beneath, it will give a sharp 
report. 
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Again, put a portion in a test tube and shake it up 
with alcohol, (methyl alcohol is best), having first ascer- 
tained that the alcohol alone produces no turbidity when 
poured into water. After shaking, filter the contents of 
the test tube into another tube and add pure water to 
the latter. If nitro-glycerine is present the liquid will 
become milky and, on standing, the nitro-glycerine yriW 
eventually collect at the bottom as a heavy lustrous liquid. 

A much more delicate test is with aniline and concen- 
trated sulphuric acid. In the presence of nitro-glycerine 
a purple color is produced which changes to green on the 
addition of water. 

We have shown that when gun-cotton is exploded the 
products are those of incomplete combustion, and hence 
it is not surprising to learn that it has been long since 
proposed to mix oxidizing agents with the gun-cotton in 
order to obtain more complete combustion. Such mix- 
tures have been ])repared for use as projecting agents in 
small arms and for blasting. As it has been found desir- 
able to produce the ex])Iosive either in a granular or 
some other regular form, cementing agents, such as gmn, 
resins, parattine, and the like, have been used for causing 
the particles to cohere. In the following list the names 
of some of the explosives made in this way are given: 

(iUX-COTTOX POWDKRS. 
NaiiK*. Atlmixtures. 

Abel's, Potnssiiiiii or sodium nitrate, or potas- 

sium clilorate or mixtures thereof. 

Biiutock's, Potassium nitrate and chlorate with a 

neutral salt. 

Cotton powder, IJarium nitrate and paraffine. 

I)i-Flamyr, Potassium nitrate. 

E. C. powders. Cellulose, i)otassium and barium ni- 

trates, eolorinj; matter. 

Huetter's blast in«^ compound, Barium nitrate and i)arattine. 

Liverpool cotton powder, " '* ** " 



r similiir 



PoteiJtite, 

Punahon's gun-cotti! 
Rifle gun-cotton, 
RobertflOD'n, 
Tonite, 
Tonkin's, 



RieWe's, Potaswium nitrHte and r 

tRibstances. 

Auy nit rates 

With orwithout nitrates, and witli i-i'sin 

or aiinilar gubstances. 
Potassium nitrate and {inrHfliae. 
Fotitssiuni nitrate nntt nitgar. 
Like Plera. 

Potaseiuni chlorate and collodion. 
Like Cotton jKiwder. 
PotjWBiuni or sodium nitrates, tliarconl 

and sulphur. 

Besides these we have a powder proposed by Johnson 
in which soluble g;im-cotton is to be used. This is dis- 
solved ill a Bolutiou of camphor, intimately mixed with 
potassium or barium nitrate.i, aud chareoal or otlier car- 
bonaceous material, and the solvent evaporated. Evi- 
dently we thus obtain a nitrated celluloid. 

For convenience sake 1 have separated into a second 
group the explosive mixtures made from celluloHC nitrates 
obtained from wood and similar materials. Cellulose 
nitrate from wood is called Nitro-lignin, and hence we 
we will style this group 

XITRO-LIGNIN POWDERS. 



Knme 


A<ltiilxtiirea. 


Clark's, , 


Potassium or sodium nitrates, alum or 




tannin, collodion. 


Cooppal'a, 


With or without a nitrate or nitrates, 




and starch. 


Lannoy'a, 


Sodium nitrate and sulphur. 


Lanfrey's," 


PotansiuTO nitrftt*, diarcoal, dextrin. 


Si'IiultKe's gunpowder, 


Potassium aud barium nitrates, iiaraffine 




and coloring matters. 


Sinokelesa powder. 


Ditto. 



Patent gunpowder, sawdu-st gunpowder and wood gun- 
powder are practically the same as smokeless gunpowder. 
The advantages claimed for these powders for use in 
guns is that they generate but little smoke, impart but a 
alight recoil, pi-oduce but a mild report, and leave little 



or no residuum to foul the piece. These are most desir 
able qualities, and the possession of such a powder, if it 
were safe and certain also, would give an army a de- 
cided taoticrti advantage over an enemy who used the 
ordinary gunpowder. Many of these powders have, owing 
to these qualities, been used to some extent for sporting 
purposes, but, unfortunately, they have sometimes de- 
veloped such abnormal pressures as to burst the gun, 
and this is a condition which is more likely to obtain i 
great guns than in fowling-pieces or niusket*<; and i 
muskets which are fired so rapidly during an engagemei^ 
as to become quite warm, than in fowling-pieces, whidf 
are discharged so infrequently that the barrel remai 
cool. 



As has been said, the theoreticMlly complete conibi 
tion of gun-cotton and of nitro-glycerine is only realized 
in the explosive invented by Nobel, which is known as 
Explosive Gelatine, but which is also termed Gum Dyn- 
amite and Blasting Gelatine This substance is produced 
by dissolving soluble gun-cotton in niti-o-glycerine by the 
aid of heat, and, when the solution is complete, allowing 
the mass to cool. The product solidifies to a gelatinous 
paste which has a honey yellow color and a consistency 
varying from that of a tough leathery material to that of 
ordinary jelly, these differences being dependent upon 
the chemical condition of the cellulose nitrate used, the 
amount present, and the method of manipulation foUowi 
during manufacture. The percent of cellulose nitral 
varies from four to eight. Tlie mixing is performed in a 
metal vessel set in a water bath in which the nitro- 
glycerine is heated to about 100° F. The well-wash 
and purified, and dried cellulose nitrate is then added 
portions and stirred in as fast as it dissolves. 
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As thus prepared, exploi 



jifttine has a dennity of ' 
1.6, It does not absorb water and. when placed hi it, it 
■ is unaffected, except superficially, a small quantity of 
initro-glyceriiie being dissolved from the surface which 
* thus becomes blanched, but no further action takes 
place, no matter how long the explosive remains im- 
mersed, as the cellulose nitrate which is thus separated 
acts as an impermeable coating to protect the surface. 

Explosive gelatine bums in the open without explo- 
sion when we operate on small quantities and avoid pre- 
vious heating, but, if heated to its ignition point when 
confined, it explodes. It has been maintained for eight 
days at a temperature of 70" C (158° F) without showing 
any signs of decomposition. Heated slowly it explodes 
at 204° C (SOg^a F), heated rapidly, at 240° C (464° F). 

At low tcmpenitures it freezes into a hard whitish 
solid with a crystalline structure, but the exact tempera- 
ture at which freezing takes place has not been definitely 
ascertained,* as some cartridges are found to resist freez- 
ing for twenty-four hours, although, during that time, 
they are kept in a mixture of ice and salt, while others 
freeze readily at 2° to 4° C (35° to 40' F). 

Explosive gelatine is much more insensitive than any 
of the other high explosives, special stnmg detonators, 
or ordinary detonators with gun-cotton or dynamite 
, primers being required to explode it, and it requires con- 
finement to develop its full power, or rather its capacity 
for transmitting the explosive reaction, for a train of it 
cannot be exploded except by means of a very powerful 
initial detonation. Hence it is quite insensitive to ex- 
I plosion by influence or to the impact of balls. This in- 
I Bensitiveness, however, varies in the different grades, 
1 and, in general terms, it may be said that the thinner 
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the gelatine the more sensitive it becomes. Its sensitive- 
ness increases when it becomes frozen, and it may then 
be readily detonated, while it can also be exploded by 
the impact of balls. 

The sensitiveness of this explosive is still more dimin- 
ished by adding to it camphor or other substances rich in 
carbon and hydrogen, such as benzene or nitro-benzene. 
These bodies are soluble in the nitro-glycerine and may 
be readily introduced in the process of manufacture. 
Military Explosive Gelatine is such a mixture, and con- 
sists of explosive gelatine to which about four percent of 
camphor has been added. Its appearance is similar to 
ordinary explosive gelatine, but it emits the odor of cam- 
phor, and, with the exception of the increased insensi- 
tiveness, its properties are the same. By this addition of 
camphor the temperature at which it explodes has been 
raised to from 300" to 330° C (572" to 626° F). 

BcM'thelot* finds the theoretical pressure of explosive 
gelatine to he nearly identical with that of nitro-glycerine. 
F. von Hzihat finds its theoretical efficiency to be less 
than that of nitro-gly(*erine, the ratio being as 1.4 : 1.45, 
and, from the discussion of extensive data obtained in 
blastin<»:. he finds that the same relation holds true in 
])ractice. (len. Abbot, :j: however, finds the relative in- 
tensities in the horizontal plane for No. 1 dynamite, 
nitro-glycerine and explosive gelatine when fired under 
water, to be 100 : 81 : 117, while in a later determination§ 
of a sample of explosive gelatine furnished by Nobel's 
Explosives Co. of Glasgow, he obtained a relative inten- 
sity of 142. The higher results obtained by Gen. Abbot 
may be due to the comparative slowness with which the 
detonation is propagated in this explosive, by which it 

*Siir la forre ties iiutt'n'rt'ti rr/tfoshf '2, 2'JJ; 1883. 
iProv. kill'. In»t. 13. 'J:i4-J40; 1887. 
XLoc. cit 9, irtl: 1883. 
\Loc,cU \\,'2HJ; 1885. 
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1ms a longer interval for doing work on the nietftl of the 
proswure gavige tlian the iiitro-glycerine has, and that 
thi» greater persistence of action enables it to produce a 
more marked impression. 

Berthelot* hold^ that the effect of tlie camphor, in in- 
creasing the insensitive nesa of the explosive, results from 
the increased elasticity and solidity which the explosive 
thus acquires, in consequence of which the initial sliock 
of the detonator in propagated through a mwh greater 
mass of the'substance than it would be if the camphor 
were not present, so that the sudden and local elevation 
of the temperature, which i« necessary for inducing tho 
chemical and mechanical action which results in detona- 
tion, is not realized except by the use of a very powerful 
initial detonator. Camphor, according to this theory, 
does not exert any action on discontinuous powders, 
and this is shown in practice with potassium chlorate 
powder. 

Owing to its solid form and plastic nature, its great 
power and its insensitivenoss, explosive gelatine has been 
regai'ded as the ideal military explosive, but, unfortu- 
nately, it has in several instances become decomposed 
during storage and without any apparent cause. One 
Buch case occurred in my own experience,t and others 
arc recorded elsewhere, and, while this decomposition 
proceeded quietly and did not produce an explosion, yet 
it constitutes un element of danger in tlie use of this 
explosive. 

The heat test| for explosive gelatine and gelatine dyn- 
amite is applied by intimately incorporating 50 grains of 
the explosive with 100 grains of French chalk and then 
proceeding as with gun-cotton, and the sample to pass 

•ftwr. Kar. Iiul. ». 747: 1M3. 
tJbw. Am. Cl-'m. «'«!, B. 7-*,- 1B«. 
tSf/it. H. M. //H/., Eri'. Kl; 1l»(. 



temperature 
ten iniimtes. 

The test for liquefaction is made by cutting a cylinder 
from the mass to be tested, whose length is about equal 
to its diameter, the bases of the cylinder being flat. The 
cylinder is then to be placed on end on a flat surface, 
without any wrapper, and secured by a pin pamng ver- 
tically through its center. In this condition the cylinder 
is to be exposed for 144 consecutive hours (six days) to 
a temperature ranging from 85''~90'' F (Inclusive), and 
during such exposure the cylinder shall not dtniinUh in 
length by more than one-fourth, and the upper base shall 
retain its flatness and sharpness of its edge. 

The te.-it for liability to exudation requires that there 
shall be no sepamtion from the general mass of the sam- 
ple to be tested, of a substance of less consistency than 
the bulk of the remaining portions of the material, under 
any conditions of storage, transport or use, or when the 
material is subjected three times in succession to alter- 
nate freezing and thawing, or when subjected to the liq- 
uefaction test above described. 

For use in blasting, explosive gelatine is mixed with 
various explosive dopes, just as nitro-glycerine and gun- 
cotton are, so as to cheapen the cost, reduce the violence 
of the explosion, and produce a more slowly acting ex- 
plosive. These bodies may be termed Gelatine Dynur 
mites, and the principal ones put upon the market i 
given in the following tjible: 

GELATINE DTNAMITES. 



Ammonia golatine, 
Sloeting gelatuie No. 1, 

Gelatine dynnmite, 
Geleguite, 

Warren's i>owder. 




Amnnmiuni nitrate and cliareoftl. 
A nitrnte with or without charciml. 
Potassium nitrate, lignin and dextrine. 

Potassium nitrate and ligoin. 

Gun-cotton anil gunpowder. 
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Reference books, HilVs Notes^ CundilVs Diet, of Ex- 

plosives, Eissler's Modern High Explosives, Berthelot, 

Desortiaux, Chalons des Explosifs Modernes, Drinker s 

Tunnelling and Explosive Compounds, 1883; Proc. 

Nav. Inst. 




The Phenomena accompanying Explosions and 
the Theories ^lich have heen pro- 
posed to Exi^lain Them. 

The effect produced by an explosive is caused by the 
blow or impulse impartfd tliroiij^h the rapid production 
from it of a large volume of highly heated gas. The 
explosive character of the change depends — 

1st. Upon the great change of state produced. 

2d. Upon the time required for the change to take 
place. 

Both these causes operate to a greater or less extent 
in all explcsive reactions. When both are fully exerted 
the most energetic chemical reaction, or, in other words, 
the most violent explosion takes place. The differences 
exhibited in explosions and by explosive bodies depend 
upon the different manner and proportions in which these 
cau.se8 act. Thus, nitro-glycerine is much more powerful 
and violent than gunpowder, because it generates a 
larger volume of gas in a shorter time, while fulminating , 
mercury is not more powerful than gunpowder, because 
the quantity of gas given off, and the temperature of the 
reaction are less, but it is more violent, because the de- 
composition goes on more quickly. 

The kinds and quantity of gas given off in an explo- 
sive reaction depend upon the chemical composition of 



the explosive body and the character of the decomposi- 
tion. The heat evolved during the reaction adds to the 
effect by increasing the tension (expanding the volume) 
of the gas formed. The heat given off in a reaction is 
an absolute quantity, the same whether the reaction goes 
on slowly or rapidly. But the explosive effect will e\i- 
dently greatly depend upon the rapidity of the formation 
and expansion of the gas. Thus, if an explosive under- 
goes the same change under all circumstances of firing, 
the force developed will always be the same, but the ex- 
2)Iosive effect will be increased as the time of action is 
lessened. 

Explosions are greatly affected by the circumstances 
attending them. Different substances, of course, give 
different results, owing to their different compositions 
and reactions, but we also find that the same substance 
will exercise a different explosive effect when fired under 
certain conditions from what it does when fired under 
other conditions, as these may affect either the rapidity 
or the products of the chemical change. 

The circumstances attending an explosion maybe gen- 
erally considered under — 

1st. Physical or mechanical condition of the explosive 
body itself. 

2d. External conditions. 

3d. Mode of firing. 

Many instances may be cited which illustrate the in- 
fluence which its state exerts upon the explosive reac- 
tion which takes place in a given substance. Thus, 
nitro-glycerine at a temperature above 40° F is a liquid, 
and in the liquid condition may be violently exploded by 
a fuse containing 15 grains of fulminating mercury. Be- 
low 40" it freezes and cannot be so fired except with 
great difficulty. 



The advantage of dynamite over nItro-glyceTuie Hea 
principally in the faot that the latter is presented hi 
another mechanitial condition, more convenient and safer 
to use than the liquid fonn, the niti-o-glycerine being the 
«uue chemically in either case, but it would .«eeni al«o 
that the siibdivinion of the nitro-glycerine thus effected 
mudities the rate of propagation of the explosive reaction. 

The same mixture of chiircoal, sulphur, and saltpetre 
gives a very different effect if made up int« large grains 
from what it does if made up luto yniall ones. 

Gun-cotton presents the most marked example of the 
effect of mechanical state, since it can be prepared in so 
many ways. If flame is applied to loose uncompressed 
gun-cotton it will flash off; if it is spun into threads or 
woven into web«, its rate of combustion may be ao much 
reduced that it can be used in gunnery or for a quick 
fuze; powerfully cumprepscd and damp, it burns slowly; 
dry gun-cotton nniy be exploded by a fulminate fuze; 
wet gun-cotton requires the Initial explosion of a small 
amount of dry. 

Confinement is necessary in order to obtain the full 
effect of all explosives, since the most rapid explosion re- 
quires a certain time for its accomplishment, but as the 
time required is less, the amount of confinement necea- 
.— sary is less, hence, with the sudden or violent exjjlosives, 
the confinement required may be so email that its consid- 
' eration may be practically neglected. For instance, large 
stones or blocks of iron may be broken by the explosion 
of nitro-glycerine laid upon their surfaces in the open air. 
Here the atmosphere itself acts as a confining agent, 
the explosion of the nitro-glycerine being so sudden that 
a very considerable mass of air is set in motion, and hence 
offers its resistance. 

Another example is found in nitrogen chloride, which 



is one of the most sudden and violent of all explosives. 
In its preparation it is precipitated from a watery liquid, 
and it is therefore, when used, wet or covered with a 
very thin film of water. This thin film of water, which i» 
not more than y^^^^ of an inch in thickness, supplies a 
necessary and sufficient confinement for the explosive, 
and if it is removed the explosive effect is much dimin- 
ished. 

Gunpowder, on the other hand, requires strong con- 
finement, since its explosion is comparatively slow. Thus, 
unless the case used in firing a charge of gunpowder under 
water is strong enough to resist the pressure of the gases 
until the action has become general, it will be broken, and 
a large amount of the powder thrown out unburned. This 
result is often produced when firing large-grained powder 
in heavy guns. The ball leaves the gun before all the 
powder has burned, and grains or lumps of it are thrown 
out uninjured. However, the confinement needed by 
the slower explosives may be diminished by igniting the 
charge at many points, so that less time is required for 
its complete explosion. Hence in the gunpowder spar 
torj3edo issued from this Station, while only one fuze 
w\as used, this was placed in the hollow spindle which 
traversed the center of the torpedo, and which was 
pierced with many holes, through which the flame from 
the fuze passed from the main charge. 

The way in which the atmosphere plays the part of a 
tamping agent, when high explosives are detonated in 
the open, is very lucidly explained by Prof. J. P. Cooke.* 
After describing experiments made at this Station some 
years ago, in which rocks were shattered by charges of 
dynamite, which were detonated unconfined on their sur- 
faces, he says: 

•The Kew Chemistry 229-233; 1882. 



On inspecting the equntlon representing the change 
taking place during the explosion of nitro-glycerine we 
see "that the cheinicitl action is very nearly (he »iine hh 
in the burning of gun-powder, the difference being that, 
while in the jHJwder the carbon and oxygen atoms belong 
to different molecules, in nit ro-glyce line they belong to 
the same molecule. In both cases the carbon burns, but 
in the nitro-glycerine the eonibuation is witlnn the mole- 
CTile. This diffeivnce, however, which the theory indi- 
cates, is one of great impjrtjmce, and shows itself in the 
effects of the explosion. 

"In gunpowder the grains of charcoaland nitre, although 
very sraail, have a sensible magnitude, and consist each 
of many thousand, if not of many million moIecule.s. The 
chemical union of the oxygen of the nitre with the car- 
bon atoms of the charcoal can take place only on the sur- 
face of the charcoal grains ; the first layer of molecules 
must be consumed before the second can be reached, and 
so on. Hence the process, although very rapid, must 
take a sensible time. In the nitro-glycerine, on the 
other hand, the two sets of atoms, so far from being in 
different grains, are in one and the same molecule, and 
the internal combustion is essentially instantaneous. 
Now, this element of time will explain a great part of the 
difference in tlie effect of the two explosions, but a part 
in also due to the fact that nlti-o-glycerine yields fully 
nine hundred times its volume of gas, while with gun- 
powder the volume is oidy about three hundred times 
that of the solid grains. There is a further difference in 
favor of the nitro-glycerine in the amount of energy lib- 
erated, but this we will leave out of account, although it 
iff worthy of notice that energy may he developed by in- 
,ternal molecular combustion as well aa in the ordinary 
irocess of burning. 
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"The (conditions, then. ;ire these: With guiipowd 
have a volume of ga«, which would iionnally occupy n 
«pnce three hundred times as great «s the grains used, 
liberated nipidly. but still in a perceptible intcrviil. Witb 
nitro-^ljceriiie a volume of gas, nine hundred times 
thiit of the liquid used, is set free, all but inst,int«- 
neously. Now, in order to appreciate the difference of 
effect which would follow this difference of condition, 
you must remember that all our experiuients are made 
in air, and that this air presses with an enormous weight 
on every surface. If a volume of gas is suddenly l^be^ 
ated, it mtist lift this whole weight, which, therefore, acts 
as so much tamping material. This weight, moreover, 
cannot be lifted without the expenditure of a large 
amount of work. Let us make a rough estimate of the 
amount in the case of nitro-glycerine. We will assume 
that in the experiment at Newport the quantity exploded 
yielded a cubic yard of gas. Had the air given away 
instead of the rock, the liberation of this volume of gas 
must have lifted the pressure ou one square yard (about 
nine tons) one yard high, an amount of work which, using 
these large units, we will call nine yard-tons or about 
00,000 foot-pounds, Moreover, this work must have 
been done during the excessively brief duration of tht 
explosion, and, it being less work to split the rock, it i 
the rock that yielded and not the atmosphere. Comp 
now the case of gunpowder. The same Meight of pow" 
der would yield only one-third of the volume of gas. and 
woidd, therefore, raise the same weight to only one-third 
of the height; doing, therefore, but one-third the amou: 
of work, say 20,000 foot-pounds. Moreover, the ditr 
lion of the explosion being at least one hundred timei 
longer than before, the work to bo done in lifting the 
atmosphere during the same exceedingly short interval 
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would be only jjj of 20.n00 root-pounds, or 200 foot- 
puunclfl, niul. under thofij circuniHUim^es. you can concuive 
timl it might be «asier to lift tbe air tliiiii to break tbe 
roek. 

"If tbeie are some who have not foUowed uie thn.ujrli 
this nimple ealculation, tliey may. perhaps, be able to 
reaeli elear views upon the subject by looking at the 
phenomena in a somewhat different way. It ean readily 
be seen that the sudden development of tbiw large vol- 
ume of gas. which becomes at once a part of the atmos- 
phere, would be erjuivalent to a blow by the atmo,sphere 
against the^ roek; or, what would be a more accurate' 
represents lion of the piienomenon. since the air is the 
larger masn. ami acts aH an anvil, a blow by the roek 
against the air. It may seem very singular that our at- 
mosphere can act as an anvil, against which a rock can 
be split, and yet it is so, and, if the blow has velocity 
enough, the atmosphere presents as effective a resistjince 
as would a granite ledge. The following consideration 
will, I think, convince you that this is the case; I have 
here a light wooden surface, say one yard square; the 
pressure of the air against the surface is equal, as I just 
stated, to about nine tons; but the air presses equally ou 
both sides, and the molecules have such great mobility 
that, when we move the surface slowly, they readily give 
way, and we encounter but little resistance. li, how- 
ever, we push it nipidly forward, the resistance greatly 
increases, for the air molecules mu.-^t have time to change 
their positions, ami we encounter them in their passage. 
If now we increase the velocity of the motion to the 
highest speed ever attained by a locomotive — say, one 
and one-fiftli mile per minute — we should encounter still 
more particles, and find a resistance which no human 
muscle could overcome. Increase that velocity ten times, 



to twelve miles a minute, the velocity of sound, and tlie 
iiir would oppose such a resiHtance that our wooden board 
would be shivered into splinters. Multiply again tbe 
velocity ten times, and not even a plate of boiler iitin 
could withstand the rewistance. Multiply the velocity 
once more by ten, and we should reach the velocity of 
the earth in it,t orbit, about 1200 miles a minute, and, to a 
body moving with this velocity. tJie comparatively dense 
air at the surface of the earth would present an almtisl 
impenetrable barrier, against whiuh the firmest rocks 
might be broken to fragmentit. Indeed, this effect has 
been several times seen, when meteoric masses, moving 
with these planetary velocities, penetrate our atmosphere. 
The explosions which have been witnessed are simply 
the effect of the concussion against the aeriform anvil at 
a point where the atmosphere is far less dense than iti 
here. So, in the case of the nitro-glycerine, the : 
strikes at the atmosphere with such a velocity that it I 
the effect of a solid mass, and the rock is shivered by t 
blow." 

In any explosive reaction the mode of bringing abi 
the change exercises an important influence. The aptfj 
cation of heat, directly or indirectly, is the princifll 
means of causing an explosion. Thus, as sho^vu in Le^ 
tiire III, in gunnery, the flame from tbe percussion cap 
or primer directly ignites the charge ; so also a fine plati- 
num wire heated by an electric current will ignite expi 
sive material, which is in contact with it. Friction, | 
cussion, concussion, pi-oduce the same effect indirect) 
but their action is modified by the surrounding conj 
tions. Thus, Abel says* regarding the second, that "tj 
readiness and certainty with which gunpowder, 
cotton, nitro-glyceriue and other explosive Bubstand 



may be eX])loded through the agency of a blow from a 
hammer or fnlling body (ire reguhited by several circum- 
stanees; they tire in direct proportion to the weight of 
the falling body, to the height of its fall, or the force 
with whirli it is impelled downwards, to the velocity of 
its motion, to the mass and rigidity or hardness of the 
support or anvil upon which the body falls, to the quHi> 
tity and mechanical condition of the explosive agent 
struck, and to the ready explosibility of the latter. Thus 
a sharp blow from a small hammer upon an ii-on surface 
will detonate gunpowder with a much greater certainty 
than the simple fall of a heavy hammer or a compara- 
tively weak blow from the latter. It is very difficult by 
repeated blows, applied at very brief intervals, to ignite 
gun-cotton, if placed npim a support of wood or lead, 
both of which materials yield to the blow, the force set 
in operation by that blow being transferred through the 
explosive agent and absorbed in work done upon the 
material composing the support. If. however, the latter 
be of iron, which does not yield permanently to tiie blow 
of the hammer, the detonation of these substances i$ 
readily accomplished. If the quantity of the explosive 
agent employed be so considerable as to form a thick 
layer between the hammer and support, the force applied 
appears to be to bo great an extent absorbed in the 
motion imparted to the particles of the compressible 
mass, that its explosion is not readily accomplished; and 
if the material be in a loose or porous condition {as e. g, 
in a state of powder or loose wool) much work has to be 
accomplished in moving particles of the mass through a 
comparatively considerable space, and a second or third 
blow is therefore reqiured to determine explosion. 

"These circumstances appear to support the view that 
the explosion of an explosive through the agency of a 
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blow is the rcKult of the development of heat sufficientl 
to establish euergetic chemical change, by the expea>fl 
diture of force in the compression of the material or byi 
the friction of the particles against each other. It ii 
conceivable that, from either of these causes, sufficieiH 
heat may be accumulated, with almost instjintaneoucll 
rapidity, in some portions of the mass struck, to develop 
sudden chemical change." An explosion such as this, in 
which the chemical change goes on almost instantane-j 
ously throughont the mass, is called a detonation. 

It is a peculiarity of a detonating explosion that whenj 
produced in a body it may induce a similar explosion iqA 
another portion of the same body, either when in contJicq 
with it, or even when only near it but not in contact, 
fact it may induce such an explosion when separated froiB 
the second portion by means of a glass or metal plate, on 
even a mass of water, so that no heated or ignited particlei 
cun be projected from one to the other. Since there is a 
parently no source of heat present to cause the dccompo« 
tion of the body, what is the agent which canses the exj 
plosion of the second portion? This subject of detou 
tion was experimentally investigated by Abel,* and he 
obtained some very interesting results. He showed that, 
not only would a detonating body cause the detonation of 
another mass of the same body, but that it would cnm 
also the detonation of other bodies. For instance, 
detonating mercury fulminate in contact with gnn-cott« 
or nitro-glycerine these bodies were also readily 
ated. Only a small quantity of fulminate was require 
.32 of a gram (5 grains), when confined in a sheet meti 
cap and placed in direct contact with the nitro-glycerini 
or compressed gun-cotton being sufficient to cause 
detonation of the latter. He found that a mass of nitw 
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glycerine by ita explosion would cause the exploeiou of 
another mass of nitro-glycerine, even though both were 
immersed in water. Hi« experiments further showed that 
a peculiar kind of detonation was required in order to 
caune the detonation of an explosive. Fur instance, while 
the detonation of gun-cotton would ciiuse the detonation 
of nitro-glycerine in close proximity to it, the detonation 
of nitro-glycerine would not cause the detonation of guu- 
cotton. Tiiis shoWH that this property of causing detona- 
tion does not depend alone upon the force of the deto- 
nants, for we know that nitro-glycerine is more powerful 
than gun-cotton. Again, silver fulminate, which explodes 
more violently and sharply than mercury fulminate, is no 
more efficient in producing the detonation of nitro- 
glycerine or gun-cotton than mercury fulminate, and 
nitrogen iodide, and nitrogen chloride, which are tlie most 
violent explosives we possess, are very much less efficient 
in causing detonation than mercury fulminate. In the 
course of his investigations Abel was led to the conclu- 
sion "that a piirticuliir explosion or detonation may po»« 
sess a power of detennining at tlie instance of its occur- 
ence similar violent explosions in distinct masses of the 
game material, or in contiguous explosive bodies of other 
kinds, which power is independent of or auxiliary to the 
direct operation of mechanical force developed hy that 
explosion; that as a particular musical vibration will es- 
tablish synchronous vibrations in particular bodies while 
it will not affect others, and as a chemical cbange may 
be wrought in a body by its interception of only particu- 
lar waves of light, so some kmd of explosions or powerful 
vibratory impulses may exert a disturbing influence over 
the chemical equilibrium of certain bodies, resulting in their 
sudden disintegration, which other explosions, that develop 
equal or greater niechanicnl force, are powerless to exercise. 
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" He offers tli'' followiiifj at* being the most siitisfactory, J 
explunatioii of the remiiikable differences pointed out; I 
Tlie vibrations produced by a particular explosion, i£ i 
synchronous with those which would result, from the ex- 
plosion of a neig"hboring substJince which is in a stat* of 
high chemical ten.-ioD, will, by their tendency to develop ~ 
those vibnitions, either determine the explosion of tfaaM 
substance, or at hhv rate greatly aid the disturbing effeoM 
()f merhaniijal force suddenly applied, while iu the case o9 
iinotliiT explosion which produces vibrations of a diffei^a 
out character, the mechanical force applied by Its agencyV 
has to operate with little or no aid ; greater force, OM 
more powerful detonation must, therefore, be applied iu 
the latter instance, if the explosion of the same i^ubstanca 
is to be accomplished." This is known as Abel's theot^H 
of Synchronous Vibrations, M 

That vibrations will induce the decomposition of chenn 
ical compounds whose atoms are in a stiite of unstabUfl 
equilibrium is a well recognized fact iu science, aofl 
numerous instances can be cited where advantage ifl 
taken of this fact to induce chemical change. ThM 
effects of the vibrations which produce heat are too wefl 
known to need illustration here. The most marked i|d 
stances of the action of the vibrations which produofl 
light are the decomposition of the silver salts on thfl 
photographic plate, and the decomposition of carbon dS 
oxide in the cells of leaves. The vibrations which produqfl 
electricity cause the decomposition of chemical coiigfl 
pounds, as is seen in the process of electroplating, etflfl 
Why, then, should not the vibrations which produflH 
sound be also capable of inducing chemical change? - I 

The condition of a compound whose atoms are in ^ 
state of unstable equilibrium is probably somewhat simM 
lar to that of a Prince Rubert's drop, in which the molM 
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eme^rem a state of unstiible eqiiiUbriuni. Separate 
but the snmllest bit from the end of the firop and the 
whole drop flies to pieces. So with a chemical com- 
pound, if by means of vibrations we can increase the 
amplitude of the vibration of any of its atoms, m that 
the force of chemical attraction is overcome, the mole- 
cule breaks up with violence; and In explosive bodies 
the violence i.-i increased by tlie character of the com- 
pounds* which are fonned through the re-arrangement of 
tile atoms. 

Abel's tlieory was examined experimentally by Cham- 
pion and Pellet," They took a tube seven meters long, 
made in two lengths, and joined by a paper band. Small 
quantities of nitrogen iodide were placed in each end, 
and when one was exploded it immediately caused the 
explosion of the iodide at the other end, but, if tbe 
paper band connecting the two lengths was removed, this 
result was not produced. By a suitable apparatue it was 
shown that the effect produced was not due to the action 
of a puflt of air, but to vibrations of the air such as are 
caused by a aonnding body. When they attached nitro- 
gen iodide to the strings of a double bass, and bowed the 
string, the iodide exploded when placed on the string 
giving the highest note, but not when on the two lower 
Btrings. The lowest number of vibrations which would 
cause explosion was found to be thirty per second. Sim- 
ilar results were obtained with other musical instruments, 

A further set of experiments was made to determine 
the difference between tlie vibratory motion excited by 
various detonants, and thus to account for tbe differences 
in their ability to provoke, by means of the intervening 
air, the explosion of other detonants pliiced at a distance. 
A series of sensitive flames were arranged corresponding 
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with the complete scale of G major, and 0,03 grame of 
mercury fulminate and nitrogen iodide were exploded 
uear them, The nitrogen iodide produced no effect; hut 
the mercury fulminate excited the tlames a, e, e,y and g. 
This tihowed that the vibrations excited by the two ex- 
plosives were very different; and also that the vibrations 
excited by the mercury fulminate act on flames belonging 
to some notes of the acale, to the exchi^sion of others. 

On exploding these bodies nearer the Sames than U 
the fonner experiment, while the nitrogen iodide excite 
only flames corresponding with the higher notes of ( 
scale, the mercury fulminate affected all of the 
exploding 20 gnuow of nitrogen iodide near the flaj 
it excited all of them. In these experiments it was c 
served that acute sounds predominate in explosions. 

They also took two conjugate parabolic mirrors, 
ered their surfaces with luuip-black so as to prevent 1 
reflection and concentration of heat rays from thej 
placed them 2.5 meters apart, and distributed 
masses of nitro-glycerine or of nitrogen iodide at diifei 
ent points along the line of foci. They then detonate 
a large drop of nitro-glyceriue at one of the foci, and 
they observed that the substances placed in the conju* 
gated foci detonattd to the exclusion of the same i 
stances when placed at the other point*, 

Abel* continued these investigations on the trann 
sion of detonation by means of tubes, using exploaia 
agents which were less highly susceptible, such as j 
cotton, dynamite, etc., and the results tended, in his opi 
ion, to confirai his theory-. 

According to Berthelott none of these experimei 
appear to be conclusive, and several of them 8eem evi 
to be directly opposed to the theory which Abel has i 




ranced. He not^s first that the characteristic fenture of 
the given musical note which is Ciipable of cietermiiilng 
each variety of explosion has never been estJibHwhed. It 
is only below a otTtain note that tlie effect* cease to be 
produced, while they take place by preference, whatever 
the explosive bodies may be, by the action of the most 
acut« notes. But these effects cease to be produced at 
distances which are incomparably less than the resonance 
of the chords in unison, which goes to prove that the 
detonations are functions of the intensity of the mechan- 
ical action, rather than of the character of the determin- 
ing vibration. Sinnlarly, the detonation cea.sea to be 
produced when tlie weight of the detonating substance is 
too slight, and when in consequence the mechanical 
energy of the shock is much weakened. Nevertheless, 
the specific vibratory note which determines the explo- 
Bion.s should always remain the same. For instance, car^ 
tridges filled with 75 percent dynamite cease to detonate 
when the capsule contains a weight of fulminate less than 
0.2 gram, the detonation only being assured in all cases 
by the regulation weight of one gram. This confirms 
the existence of a direct relation between the character 
of the detonation and tlie intensity of the shock produced 
by one and the same detonating substance as stated. 

If it be true that gun-cotton will cause nitro-glycerine 
to detonate in con.sequence of the synchnmism of the vi- 
bration communicated, then we do not understand why 
the reciprocal action does not take place; while the ab- 
Bence of reciprocity may he easily explained by that dif- 
ference in the structure of the two substances which 
plays so important a part in the transformation of the 
mechanical energy into work. This diversity of structure 
and the modifications which it causes in the transmission 
of the phenomena of the shock and the transformation of 
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the mechanical energy into thermal energy, may be cited 
to explain the facts observed by Abel. 

The difference between the energy of pure fulminate 
and of fulminate mixed with potassium chlorate, which 
has been noted, is no less easily explained ; the shock 
produced by the first body being sharper on account of 
the absence of all dissociation of the product (which is 
carbon monoxide), should be contrasted with the second 
case, wliere carbon dioxide is formed and dissociated. 
Perhaps, also, the formation of potassium chloride, which 
is disseminated through the gas produced, with the conh 
currence of potassium chlorate, weakens the shock, just 
as the silicon does in the case of dynamite. 

All the effects observed with nitrooren iodide mav be 
explained by the vibration of the supports and by the 
effects of rubliing which results therefrom, this substance 
being particularly sensitive to friction. The experiment 
with the conjugate mirrors may also be easily explained 
hv the con(*ontrntii)n in the focus of the movements of 
the nir, and therefore of the mechanical effects which 
result. 

Besides, M. Lambert has proved by experiments made 
for the Commissii)ii on Ex])losive Substances, that in the 
explosion of dynamite cartridges in tubes of cast iron of 
large diameter, regarded from the standpoint of detona- 
tions by influence, there does not appear to be any dif- 
ference between the ventral segments and the nodes 
characteristic of the tube. 

To clear uj) this matter by eliminating the influence of 
the supports and the diversity existing in the cohesion 
and physical structure of the solid explosive substances 
used, Berthelot undertook a series of experiments on the 
the chemical stabilitv of matter in sonorous vibration, and 
especially on that of gaseous bodies such as ozone and 



hydi-ugen Jtrsentde, or liquids audi ns hydrogen peroxide 
and pf rsulphuric acid, all of these bodies being selected 
Ii-om rtniong those which decompose with the disengage- 
ment of heiit, precisely as explosive substjiiices do. The 
experiments were made by enclosing tlie substances in 
gliiss vessels which were attached to one ami of a tuning 
fork which vibrated at the rate of 100 single vibrations 
per second, or by enclosing them in a glass tube which, 
by means of a rubber, was made to give 71iOO single vi- 
brations per second. The substances were analyzed be- 
fore the experiments began, then subjected to the vibra- 
tory action for periods varying from one-half hour to one 
hour and a half, and again analyzed to detennine the ex- 
tent of decnmjwsition. In no case was there any notable 
decomposition, and these results lead to the conclusion 
that endothermous substances are stable under the influ- 
ence of sound waves, while they are decomposed under 
the influence of ethereal vibrations. The diversity in the 
mode of action of the two classes of vibrations is not sur- 
prising when we consider that the most acute sonorous 
vibrations are incomparably slower than the luminous or 
thermal vibrations. 

From the consideratiou of the facts cited, and espec- 
ially from experiments made in firing under water, Ber- 
thelot concludes that explosions by influence, like deton- 
ations in contact, are due to the transmission of a shock, 
arising from the enormous and sudden pressures produced 
by the uitro-glycerine or gun-cotton, which is converted 
into heat within the explosive material. 

Thus, in the extremely rapid reaction which obtains, the 
pressures produced may approach to the limit which cor- 
responds to the matter detonating in its own volume, and 
the commotion due to this sudden development of almost 
theoretical pressures can be propagated through the 
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ground and supports as intermediaries', or thi*oiigh the a 
iti»elf. Ix'ing projected en masse, ns Ims been shown in the 
expIo!<ioii of certain powder factorieH and gun-cotton mag- 
azines, and in some of the experiments made with dyna- 
mite and compressed gnn-eotton. The intensity of the 
shock propagated either by a column of air or by a liquid 
or solid mass varies with the nature of the expInjAve 
body and its mode of inllammation; it is of greater vio- 
lence according as the duration of the chemical reaction 
is sliorter and develops more gas, that is to say; a higher 
initial pressure, and more heat, and consequently worii, 
for the same weight of explosive material. 

This shock is transmitted better by solids than bv liq- 
uids, better by liquids than by gases; with gases it i;" 
better as they are more compressed. Through solids it 
is better nrnpagated according to their degree of hard- 
ness, iron transmitting it better than earth, and hard 
ground better than ploughed soil. All breaks of contin- 
uity in the ti'ansmitting material tend to weaken it, 
especially if a softer substance is interposed. Thus it is 
that the use of a tube made from a goose-quill, ns a re- 
ceiver, stops the effect of mercury fulminate, while a 
tube or a capsule of copper transmits this effect in all its 
intensity. Explosion by influence is the better propa- 
gated in a series of cartridges according as the envelope 
of the first detonating cartridge is the more resisting, as 
it thus enables the gases to obtain a greater pressure 
before the covering is destroyed. The existence of au 
empty space, that is to say, one filled only with air, be- 
tween the fulminate and the dynamite, diminishes the 
violence of the shock transmitted, and in consequence 
that of the explosion, and in general the effects of violent 
powders are lessened when there is no contact. - To form 
a full conception of the transmission by the medium of 
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sudden pressures wliicli produce sbook, it is desimble to 
recall the general liiiiicijile, iu virtue of which pren'sures 
are tnuismitted in ii honiogeneoiiM masts equally in all direo 
tiuns, and are the paine on any small element of the sur- 
face whiitevur its position. Detonations produced under 
water with gun-cotton show that this principle is equally 
applicable to I he sudden jiressures which produce explo- 
sive phcnomemi. But it ceases to be true when one 
ptiasie»!i from one medium to nnotlier. 

If the inert chemical matter which tninsniits the ex- 
plosive movement is fixed in a given situation like the 
surface of the ground, or better still, held by the pre*- 
Mire of a mass of deep water, in the midst of which the 
first detonation in produced, the propagation of the move- 
ment in thij) medium will hanlly he able to take place, 
except under the form of a wave of a purely physical 
order, and consequently of an essentially different char- 
acter from the original wave which is developed in the 
explosive body itself, and which is of a chemical and 
physical order. Whilst the first wave, which is of a 
chemical order, is propagated with a conatuut intensity, 
this new wave, which ia of a physical order, transmits 
the concussion away from the explosive center all around 
it, with an intensity which decreases inversely as the 
nquarc of (he distiiiice, In the neighluirhood of the cen- 
ter of the explosion the displacements of the molecules 
maj overcome the cohesion of the mass and disperse it, 
lOt enuth it by enlarging the explosion cliamber, if the 
operation is conducted in a cavity. But at a very short 
diittiince (tlie magnitude of which depends on the elasti- 
iriQtJJjfefi-*''"'''"""''"^ medium) these movements, con- 
urinnin;^. ;in:iiige themselves in such order 
e. ]iii)}ierly so called, characterized 
-uilikii defonnations of tiie inutei^ 
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ial, the amplitude of these oscillations dependinf^ upon 
the magnitude of the initial impulse. They move with 
a very great rapidity, and presei-ve their irregularity up 
to the point where the continuity of the medium is inter- 
rupted; then these compressions and sudden deforma- 
tions change their nature and are transformed into a 
movement of impulse, that is to say, they reproduce the 
ehook. If then they act on a new cartridge they may 
determine its explosion; the shock will be othen 
weakened by the distance, and in consequence the chai 
acter of the explosion may be modified. The effecl 
diminish in this manner up to a certain point from whii 
the explosion ceases to produce itself. When thisoccui 
with a second cartridge the same series of effects will be 
continued from the second to the third cartridge; but 
this depends on the character of the explosion which the 
second cartridge undergoes. And thus it goes on. 

Such is the theory that Berthelot offers to explain 
plosions by influence and the phenomena which ac«o] 
pany them. It depends, definitely, on the production 
two orders of waves: one series representing the expl 
sive waves, properly so called, developed in the midst 
the matter which detonates, and consisting of a con' 
ually reproduced transformation of chemical actions int( 
thermal and mechanical actions, which transmit the shock 
to the support and to the contiguous bodies; the other 
being a purely mechanical and physical series, which 
transmits the sudden pressure equally about all the cen- 
ter of the concussion to the adjoining bodies, and by a 
singular circumstance to a new mass of explosive material. 

As to the action within the original mass he holds that 
the kinetic energy of the shock of the explosion (by the 
detonator) is transfonned into heat at the point struck; 
the temperature of this point is thus raised to the tent;. 
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perature of explosion; a new shock is thus produced 
which raises the temperature of the neighborinjif portions 
to the same degree; they then explode and the action is 
propagated with an ever increasing velocity. 

Neither Abel's theory of synchronous vibrations nor 
Berthelot's theory of explosions by influence satisfy Threl- 
fall*. and be hence lias made an experimental and critical 
study of the manner in which the explosive reaction ia 
communicated from one explosive mass to another explo- 
sive mass through a non-explosive medium. Much might 
be learned from a measurement of the velocity of trans- 
mission of a shock to points at small distances from the 
center of explosion. This would he merely a question of 
apparatus, and Lord Rayleigb suggested the use of a sen- 
sitive flame and revolving mirror, which would, at all 
events, give some idea of the sort of disturbance expei^ 
ienced; but Threlfall deemed it best to begin by examin- 
ing cases where the results of explosion could be seen 
and watched. 

For this purpose he constructed a tank measuring a 
yard each way, and provided with windows in the sides. 
The tank was filled with water, and water-tight glass 
bulbs of j inch diameter, filled with mercury fulminate, 
were sunk to the depth of 18 inches in the water, fired 
by electricity, and the course of the debris from the ex- 
plosion noted. As the torpedo was suspended vertically, 
ihif debris had the appearance of being shot down to the 
bottom of the tank — not in a jet, as might have been 
expected, but with exactly the rolling motion that smoke 
has in coming out of a chinmey — as if, in fact, there 
was vortex motion of some sort. The constancy of the 
downward action of the explosion suggested that it was 
due to the want of symmetry introduced by the neck 

*PltU. Mag.n, im-lltO; 1888. 
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and wires of the torpedo. Hence experiments were 
made in which the torpedoes were placed horizontally, 
and then tlie debris seemed to move, with its peculiar 
rolling motion, horizontally away from the neck. In 
fact, the appearance presented to the unaided eye wa? 
that of a more or less definite column of rolling white 
smoke shot out with great velocity, and coming to rest 
very rapidly when about five inches from the center, as 
if acted upon with an irresistible force. Experimentij 
were also made by exploding a charge in the center of a 
Florence oil flask filled with red dve and immersed in the 
water. The dve was shot out with the debris, and the 
flash appeared to be suddenly stopped some two or three 
inches outside where the flask would have been if it had 
not disappeared. There were, however, so many sources 
of misinterpretation to be feared in this method of obse^ 
vation that it was not continued, but the experimenter 
contented himself with noting the peculiar rolling aud 
the dead-lx'iit motion of the dve as it was shot out. 

Experiments were now made to determine if the direc- 
tions of ])rojecti()n of the debris coincided with the direc- 
tions of ])r()])ngati()n of the streams of explosive energy. 
For this j)ur])ose a pendulum gauge was devised which 
was fitted to the tank, and by firing some dozen torpe- 
does arranged as synunetrically as possible, he found 
that the indications of the gauges were nearly propo^ 
tional. Explosions were then produced in toq>edoes pur- 
posely made luisymmetrical, either by having the glass 
too thick on one side, or by turning up the ends of the 
covered conducting wires so that they entered the bulb 
horizontally and facing one of the gauges. The effects 
now became more puzzling, but on the whole there was 
no question but that the gauge towards which the bulb 
waa turned suffered most. In fact, the direction taken 
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by the streams of explosive energy appeared to eoineiile 
with the directions of projection of debris, mid with the 
direction foretoUl fi-om the initinl conditions. 

The t'xperiiueiits were repeated nt viirious distances 
and in various nnmnertii with more or less compressed 
charges, and with rrtriationa in the position of the firing- 
point. The pendnlum readings were on the whole cer- 
tainly proportional to tlie direction of explosion as fore- 
told from the initial conditions. Of course in some few 
case.s there were unexpected actions on the gauges; but 
this was hardly avoidable, since the pre\'ioua experiments 
had shown how small a change in Initial conditions could 
lead to great variations in the result. The position o£ 
the firing-point was the least siitisfactory part of the ex- 
periments; most of the failures could be traeed to imper- 
fect centering of the firing-point; about ten percent of 
the experiments failed to travel on the paths laid out for 
them. These experiments leave little doubt that the 
direction in which the maximum explosive effect is trans- 
mitted will in a great measure depend on the initial ar- 
rangement of surrounding obstacles;* at all events, when 
the explosion is caused by fulmiilate of mercury and 
small charges are used. 

In fact, tlie shock of an explosion must bo transmitted 
in one or more of three different ways: 

I. By actual bodily motion of the products of explosion 
through the surrounding medium, either alone or becom- 
ing more and more mixed up with the medium itself, 
which is thereby set in motion. 

U. By an undulatory motion set up in the medium. 

HI. By vortex-riug motion. 

In the explosion of gunpowder and other slow explo- 
sives the energy is transmitted chiefly by I and II. The 

•PntC. JTOP. Intt. 9, 735i 1SS3. 
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distance to which a considerable quantity of the energy 
may be conveyed by means of waves of comparatively 
great amplitude is in some cases remarkably ^reat. This 
is evidenced by the effects produced by the explosion of 
powder magazines. 

In the case of the fulminates of mercury and silver, 
gun cotton and nitro-glycerine — that is, explosives of the 
class examined under water — the effect falls off very 
rapidly with the distance, and in water, at all events, is 
of a directed character. This would point to the third 
mode of transmission being in these cases of some im- 
portance ; and if we consider the way in which the pro- 
ducts of explosion escape, we shall find that the condi- 
tions for the production of vortex motion do exist. Let 
there be a sphere of mercury fulminate fired from its 
geometrical center. Then, by Vieille's* experiments on 
the time of explosion, it seems likely that the outer por- 
tions of fulminate will be decomposed before they are 
removed to any appreciable distance from their original 
positions. We shall therefore have a sudden expansion 
in all directions, caused by the increase in volume of the 
explosive substance during the explosion. There seems 
no reason, why, under perfectly symmetrical conditions, 
the expansion should not go on as it began until the 
cooling of the sphere of hot gases becomes so marked as 
to prevent further expansion. 

If the conditions, however, are not such as to allow of 
symmetrical expansion — which occurs in practice — then 
we shall have the bounding surface of the explosion gases 
more curved in some places than in others; that is, the 
strain will be greater at some parts than at others, and 
in fact may become so great at points of greatest curva- 
tures as to lead to a state of "breakdown." In other 

•Campt. rendus 1882 and 1883. 
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words, the compressed gases in this case escape, not by 
gradual expansion, but by jets, from points wboae posi- 
tiona are fixed by tlie conditions of explosion. In tbese 
jets we should have the necessary and sufficient condi- 
tions for the establislunent of vortex motion. If vortex 
motion were set up, then it seeins likely that much 
greater effects mij^bt be transmitted in some directions 
than in others, though at considerable disUmces the 
effects would tend to become unifonn in all direc- 
tions. 

Threlfall believes that this view of the actions of ex- 
plosions will enable us to explain several difficulties oc- 
curring in the interpretation of Abel's esperimenta. 
Among these are: The want of correspondence between 
the explosive actions, as measured by the effect produced 
on copper plates, and the effects produced in causing 
other explosions; the apparent capriciousness of explo- 
sions of the more violent kinds; the production of explo- 
sions by influence. 

In Ills discussion of explosions, Berthelot has not added 
anything to the generally accepted theory that the ex- 
plosion of gunpowder differs in no way from ordinary 
combustion, except that it is more rapid. His theory of 
detonation, however, is novel and many experimenta 
tend to show the justness of his views. To begin with, 
Abel found that almost any variety of effect could be 
obtained by burning explosives under diminished pres- 
sure. For, the lower the pressure, the more easily do 
the products of decomposition escape and carry with 
them the energy due to their liberation. By this means 
the temperature of explosion is constantly kept down, 
and the chemical character of the products modified in 
such a way that they correspond to the temperature. In 
Other wonls, the coniiwunds liberated are, as a rule, more 
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complex than those which would be set free at a highei 
temperature, and therefore the energy run down is lea< 

Again, it will come to the same thing, so far i 
propngation of an explosiou is concerned, whether th 
products of decomposition are facilifaited in their i 
by conducting the experiment in a partial vacuum. 
whether the decomposition is itself so slow that the pw 
ducts are enabled to escape without marked hindran« 
under ordinary pressure. Now, the resistance of the air" 
to the escape of the products of combustion will depend 
on the rate at which they are liberated. And the f>bock _ 
given to neighboring portions of the explosive will be pw 
portional to the pressure of the explosion gases at thet 
points, and therefore ultimately to the resistance of 1 
air, and hence to some function of the velocity of decoid 
position. But, in order to convert an explosion by cohh] 
bustion into an explosion by detonation, what is required 
is that the temperature of any point shall be raised suffi- 
ciently to determine its complete, as distinguished from 
it9 incomplete, decomposition. The raising of the tem- 
perature of any point, however, will depend on the vi( 
lence of the shock tfl which it is subjected; and this, a 
before stated, will be proportional io some function i 
the velocity of the decomposition producing it. If 
necessary temperature is anywhere attained, we sbd 
have detonation ttiereafter; if not, an explosion by coti 
bnstion will result. It appears, therefore, that in ordd 
to produce a detonation, we require the initial velocity 
of decomposition to rise above a certain minimum value- 
that there is, in fact, a "critical velocity" of luitial dd 
composition which determines the kind of reaction thw 
ultimately takes place. If the temperature of the whole'" 
mass be previously raised, then the critical velocity will 
become less, Berthelot considers that a specific changj 



takes place in the stubility uf an explosive us its temper- 
ature is raised. This is douhtless true; but if a mini- 
mum temperature of any part be the necessary and suffi- 
cient condition for the production of ii detonation, then 
the ease with which it can be obtained, when the mass 
startt with a high temperature, will, cce/erw ^jariii/s, be 
greater than if the original temperature is low. If, there- 
fore, we find that nitro-glycerine is more liable to detona- 
tion the higher its initial tempernture, we shall not be 
required to make any assumption aw to "increased sensi- 
tiveness," since we see that the minimum temperature 
will be more eiiHily reached, and that therefore the criti- 
cal velocity of initial decomposition may be smaller. In 
other words, supposing we try to detonate nitro-glycerine 
by an explosive which just fails at ordinary temperatures, 
we sliould expect its chances of success to increase as the 
tempenitures rises; and this does, in fact, occur. 

The sensitiveness of an explosive to detonation has 
been found to depend on its stjite of aggregation. The 
critical velocity required to produce detonation will, 
cffi/eris ^«ri6a«, depend on the nature and value of the 
elastic constants of the explosive, as well as of tlie 
medium in which it is to be exploded. We should, in 
fact, expect a change in the critical velocity of detona- 
tion if we exchanged the viscous resistance of liquid nitro- 
giycerine for the elastic resistance of the same substance 
when frozen. Again, it seems possible, as a result of 
this theory, that less powerful detonation might be i-e- 
quired to explode a given substance in water than in air; 
but the author is not aware of any experiments on thin 
point. And so in other cases, though the critical velocity 
of detonation must necessarily be a very complex func- 
tion, and difficult to predict; yet there appears to be no 
reason on that account to minimize its importance. On 



the other hand, it soems to the author to he in complel 
hiirmony with Abel's experiments, and substantially ei 
hodies the views set forth by Dixon,* and the authi 
knows of not a single experiment which offers any e' 
Hence against it. What is required by the theory f< 
the production of a detonation is that a small part of 
mass should be raised above a given temperature, ai 
not that a large portion hIiouM be raised to a tempei 
tare below it. 

This leads at once to the consideration of the secoi 
point — viz: the action of detonators. The apparent!; 
anomalous effects discovered by Abel may be summed 
up by talking the most extreme case. Gun-cotton could 
be detonated by a charge of fulminate of mercury^ 
whereas ten times as much nitro-glycerine was requi; 
to cause a mmilar sample of gun-cotton to detonate, 
firing the detonating charges on copper plates, Abel nat- 
urally observed that the de.structiou produced by the 
nitro-glycerine was much the greater, and hence con- 
cluded that some other factor besides the "explosive vio- 
lence" must come into play. This is undoubtedly true, 
but the mistake arises in looking at the experiraentfl 
from one point of view alone — viz: that of the copper 
plate. There will be no effect produced on the plate at 
all till the resistance of the air becomes greater timn that 
of the plate; and this will never be the case, however 
great the volume of gas liberated, unless the time of ex- 
plosion be sufficiently short. The re.sistance of the air 
varies at least as the square of the velocity of attack, 
and therefore this "will be the conditioning factor of the 
destructive effect producible by explosions in free air. 
For a given increment of volume occurring in an explo- 
sion, till the time of explosion diminishes to a certain 

•on Cotidlttona at Cbemlcal Change In GaaM, Flill. Tram.,- 18U. 
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Blue depending on the strength of the plate, no effect 
will be observed ; directly this limit is passed, the de- 
strnctive effect will depend in tlie usual manner on the 
quantity of energy Hbenited. There is, in fact, a critical 
velocity of explosion below which the plate will not be 
attacked. But in a detonation the case is different. We 
do not require any great destructive effects; we only 
require that the time should be so short that a portion, 
no matter how small, of the substance to be detonated 
should be raised to the appropriate temperature. If the 
det*>nator has a time of explosion too great, then, although 
the air may be the stronger obstacle and the explosive 
destroyed, no detonation will be produced. This is pre- 
ci.^ely what happened in Abel's experiments, when the 
gun-cotton was blown to pieces hy the nitro-glycerine. 
The instantaneous rise of pressure is not so great for 
nitro-glycerine as for fulminate of mercury, though the 
energy run down is much greater. This point has been 
satisfactorily proved by Vieille in his experiments with 
the crusher gauge. Moreover, the density of mercury 
fulminate is three times that of nitro-glycerine, which 
allows a given mass to be on the whole much nearer its 
work if it consists of mercury fulminate, than if it consists 
of nitro-glycerine. 

We ought not therefore to be surprised that the deto- 
nation of gun-cotton is easily accomplished by mercury 
fulminate, and hardly accomplished by nitro-glycerine. 
If there is any surprise, it would seem more fitting that 
it should be exhibited at the detonation which large 
charges of nitro-glycerine seem able to effect. This fact 
would tend to show merely that nitro-glycerine has a 
velocity very near the critical point for gun-cotton — so 
much so, that when large charges are employed the ac- 
celeration in the explosion of the nitro-glycerine is suffi- 



cient tn pass the limit. We know from Dixon's work 
gastis thftt at first tlie explosion gains in velocity till 
steady velocity of detonation is obtjiined, and tliere aeei 
no reason against, but, on the other hand, every prol 
bility in favor of, the same thing talking place in uiti 
glycerine. 

Above and beyond this, the diffei-ence in the mode 
applieation of the two detonators must be taken in 
account. In Abel's experiment the fnlminate was ei 
closed in a tube of copper or tin plate, while the nitro- 
glycerine was merely applied in a capsule whose dijune- 
ter was large compared with its depth. The upper end 
of the fulminate tube was probably closed liv the electric 
firing-apparatus; and this, as was shown by the expei 
ment.s in water already described, together with the fi 
that the fulminate was fired at the top, would give it 
enormous advantage. For there is considerable proba-' 
bility that in explosions of high velocity in air, the final 
mode of "breakdown" of the gas liberated is very de- 
pendent on the initial conditions, just as it is shown to 
be in water. The nitro-glycerine was deprived by Abel 
of these advantjiges; and for these and the reasons above 
mentioned, though it was able to blow blocks of com- 
pressed gun-cotton into powder, and even to cause Home 
of this powder to penetrate the hard wood of the su] 
port, it failed to cause detonation. 

The other apparently anomalous facts observed bj" 
Abel require further treatment, and, niOMt of all, those 
explo-sions by influence, which seem at first sight only 
explicable by some theory such iis that of synchronoi 
vibrations. The first set of experiments bearing on 
hypothesis have been already diacua.sed, with the 
that the hypothesi." is perhaps unnecessary. There a 
however, a great number of other experiments, some 
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which cannot be so easily explained. In the e.vperimenta 
tiiude with tubes the great influence exerted on the deto- 
nating power by the snioothnesa or roughnesa of the 
iralls of the tube seem a strong argument against the 
apposed syuchronisni having much to do with the effect 
1 these cases. In fact, it is just what we should expect 
t there was bodily motion down the tube, or even if^ as 
1 the case where diaplirngms were inserted, the motion 
firas transmitted from layer to layer without any great 
nonnt of disphicement in eacli individual particle. It 
seems possible tliat some vortex motion caused by the 
"breakdown" might be transmitted through the tube, 
and that the diaphragms merely served to change the 
portions of air of which the rings were actually composed. 
Thrclfall admits that this is not very satisfactory; but if 
the roughening of the internal surface of the tubes actu- 
aUy exerted the effect attributed to it, we are justified, 
in his opinion, in supposing that the exploaions were not 
Lcaused by the transmission of vibrations through the 
naterial of the pipe itself. Again, vibrations, to be of 
iny effect in producing chemical change, must be com- 
iBrable as to period with the molecular vibrations. If 
ach vibrations are transmitted through ether, it is diffi- 
utt to see where the influence of chalking the inside of 
fee tubes can come in; and if through air, their wave- 
length woidd be too small (as will be shown) to he likely 
) be much influenced by particles of the size of chalk- 



The similar experiments of Champion and Pellet* are 
sufficiently explained by their statement that they used 
nitrogen iodide. Unle.ss any one likes to suppose that 
triod of a fiddle-string may be eomparable with the 
I of a nitrogen iodide molecule, the further experi- 

W^Ompia remlui JB. IIU. 



32 



I 



I 



» 



ments of Champion and Pellet cannot be field to have 
mucb bearing on the fsubjeet. One can only wonder that 
they found a string that would vibrate slowly enough not 
to lire their iodide. As to their experiments with muH 
rors, bbiekened or otherwise; the results obtained migllf 
be anticipated on almost any theory except that of " 
chronous vibrations." For the vibrations supposed i 
this theory to be most active would he precisely tha 
absorbable by lampblack. This point has been inveaj 
gated by Berthelot in a manner which leaves little doufaj 
that he misunderstood Abel's theory, when, in order ttr 
show the importance of vibrations in producing chemical 
change, he experimented on various chemicals by swing- 
ing them on tuning-forks. No effect was produced, 
indeed was it ta be expected, unless the reagents were i 
such a nature that they required intense shaking to ket 
them mixed. Bcrthelot's results with the vibrating tii 
is very interesting, but does not seem to toneh Abed 
theory. In order to disprove the theory, Berthel<| 
ought to have made his tube vibmte till it got lumina 
and observed the effect on the ozone all the way up. 

There are many well-established cases of torpedo 
exploding one another by influence, and the same thif 
occurs in firing dynamite shots in mines. The foi*m^ 
alone possesses any interest for our present purpose, 
the effects due to mercury fulminate, when fired undq 
water, are in any way similar to those which may I 
supposed to take place on the detonation of large chargi 
of gun-eotton, then, by the experiments described abovC^ 
it would be likely that quite extraordinary effects nii^ht 
be propagated in some cases. There ought, however, to 
be a capriciousnesfi in the observed action of torpedo 
on one another; whether this has been observed or i 
the anthor is unable to state, but he assumes that it 




not, and that hei'e we may have a case where the effect 
is hirgely due to "synchrunous vibration." He tlierefore 
considers the way« in which vibrations of sufficiently 
BBiall period couM be transmitted, first assuming that no 
vibrations can have any influence unless they are of such 
period as to he eompitnihle with the natural period of vi- 
bration uf the molecuk'w of the substance to be exploded. 
Let a body be gradually heated, and its temperature 
measured as soon as light conies from it having the same 
refrangibility as the Une A in the solar spectrum. Let 
the temperature be, say, of the order of 1500" C. Then 
the molecules of the body will be vibrating in some way 
comparable with the period of the A line; that is, about 
4 X 10" times per second. Suppose gun-cotton could be 
heated red hot without decomposition ; then its molecular 
period would be of this order. We are quite nnable to 
say how the period varies with the temperature in solid 
bodies at low temperatures. But the spectroscope shows 
that it does not change much at high temperatures. 

The only possible way of obtaining an idea would be 
to extend the spectroscopic investigation even further 
than it has been done by Abney ; either photographically 

L or by the thermopile. We will assume, however, that as 
the bodies cool, their molecular vibrations, if altering at 
all as to period, tend to become slower, as well as of 
smaller amplitude. Let lis consider the hmiting condi- 

1 tion of propagation of waves of longitudinal displacement. 
There seems no reason for suppo.-iing that the velocity of 
propagation would fall off till we come to waves of a wave- 
length comparable with molecular distances — for instance 
with the mean free path. Now, by experiments in diffu- 
sion, it seems that the mean free path in oxygen is of 
the order of 6.6 X 10^ cm.; m sugar solution it is 10"" 
of this, or 5.6 X 10~" cm.; while in solids it is probably 
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much less. The size of the molecule, however, seems t 
be of the order 5.8 X 10~*cm., so this will give our 
superior limit in solids and liquids. 

Suppose that the smallest wave-length is the diameter 
of a molecule, nnd that the velocity of propagation is the 
Biime a« that of sound down to this limit. Then if F h 
the velocity of propagation, or the number of vibratia 
per second, and x the wave-length in water, we have 



1.4 X 10 ° 
' 5.8 X 10-«' 



: 2.4 X 10" 



But it is unlikely that we could get a wave-length an; 
thing like so Rmall as this, so let us take as our limitln 
vahie the wave-length equal to a thouwand molecii 
diameters. This gives us for the limiting frequency 

n = 2.4 X 10". 
Comparing this with ft for the A line, whieli is 4 X Iff 
we see that it is about a million times too slow to pn 
duce any eft'ect on molecules vibrating so as to emit i 
light. But bodies at the ordinary temperature mig 
possibly vibrate slowly enough to be influenced direct^ 
though this is unlikely. It is rather surprising that I 
numbers are as comparable as they seem to be. Iff 
perform the same operation for gases, putting x ^ 10 
mean free paths, we get for oxygen n= 6 "X 10*. Ha 
the discrepancy is a thousand times as great; so thafel 
longitudinal vibrations are to be considered as likely | 
produce any effect, they will be considerably more Ukd 
to do so if trnn.sTOitted through solids or liquic 
through gases. We have still got the ether to fall bw 
on, and there we are safe, for there is no reason why 
vibmtiims of the right period should not be transmitted 
through it. 
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The esperimeiits with tubes, however, seem to point 
exclumvely to the air m the medium through which vi- 
brations are to be transmitted, and that may be fairly 
regarded as unlikely. If the synchronous vibrations can 
be disproved at all by experiment, then Abel has, at all i 
events, made the most telling experiment against it; 
there may, of course, be other experiments, and these 
may point in the opposite direction, but the author haa 
failed to learn of them. Still, in the light of what has 
been puhliwhed ou the subject, there is little doubt that 
our natural hesitation to accept a theory of vibrations is 
justified by a consideration of the fact«. On the other 
hand, if we admit that vortex motion may exist, it wil! 
account for some of the effects observed in the neighbor- 
hood of violent explosions. The most important effect 
to be accounted for is the capriciousness of explosions. 
Instances are so numerous that it is hardly worth while 
to dwell upon them in detail; but take the famous explo- 
sion at Bremerbaven, for instance, and it is curious to 
note the way in which the bystanders seemed actually 
singled out for injury, and that not always from flying 
debtns. Such effects as these are difficult to account for 
on any theory of uniform propagation of wave-motion. 
On the other hand, any of the observed phenomena of 
propagation of explosion are as well explained by vortex 
propagation as by wave motion. There ia no reason why 
the two states of propagation should not exist together, 
varying in their relative importance according as the ex- 
plosion is of long or short duration. In ordinary cases 
of detonation, we may imagine the shocks to be given by 
the explosion gases before any considerable breakdown 
has taken place. 

Reference books, Hilfs Notes, Proc. Naval Institute, \ 
JieTihelot's Sur la force des matierea explosives. 
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THE USE OF HIGH EXPLOSIVES IN 
SHELL. 

Tile UKC of liif^Ii explosive!* in shell, although first at- 
tempted more than twenty years ago, ia utill in the ex- 
peninental stage, cliiefly owing to the difficulty of regu- 
lating the time of explowion. When this has been accom- 
plished, certain advantages will result. For field guns 

[cse advantages will chiefly come from thicker and 
heavier shell, broken into more nunierona and regular 
fragments, and available for longer rangea than at pres- 
ent. Por medium calibres, such as are used in sieges and 
Iwmbardment*, the shell capacity is necessarily too small 
;to carry decisive charges for this use, and the effects will be 
moral rather than physical. This ia due to the intensely 
local action of these high explosives. The terrifying 
Bound and frightful eifect upon the object struck will 
perhaps appal new men, but old sailors will soon learn 
that the danger is overestimated. These calibres may 
also come into play for defense against boats and in 
countermining. For the much larger calibres it is stoutly 
claimed that charges of size to be destructive in them- 
,telves may be employed even against armored ships, 

ther in armor-piercing shell, or else in steel or other 

ighly-resisting envelopes, by which the projectiles may 
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be made to nerve the purpose of aerial torpedoes. It £ 
possible, also, that with such shell charges the older 
forms of orduance may be rendered so efficient aa to still 
prove useful. As the ex|>eriinent« which are being made 
in this direction are now exciting much interest, a brief 
resume of what has been done may not be unacceptable. 

In 1864 the English Giui-C'otton Committee* fired 
twenty-five rounds with unfused shell filled with dry, 
long, staple gun-cotton. Ten rounds were fired from the 
] 0-inch smooth bore. The .shell weighed 79 pounds, lind 
a capacity for 6^ pound.s of powder, and were tired with 
a charge of 12 pounds, which imparted 1292 foot^seconds 
initial veloeity. The shell were loaded with from 11 
ounces to 1 pound, 12^ ounces of unsilicated gun-cottoi 
eight of them being packed tightly and the other 
loosely. All were fired without bursting. 

Ten rounds were then fired from the 13-inch morl 
The shell weighed 194 pounds, had a capacity for 
pounds of powder, and were fired with a charge of 20 
pounds, which imparted 905 f. s. initial velocity. The 
shell were loaded with from 1 pound, ll^ ounces to 2 
pounds, 15^ ounces of gun-cotton, the cotton being 
eilicated in the first six rounds, and silicated in the 
maiuder. All were fired without bursting. 

Five rounds were fired with the 7-inch B. L. A 
strong. The shell were elongated, being 18| inches loi 
weighed 98 pounds, had a capacity of 8 pounds of poi 
der, and were fired with a charge of 1 2 pounds, whii 
imparted 1172 f. s. initial velocity. The shell were loj 
with from 2 pounds to 2 pounds, 8 ounces of imsilicai 
gun-cotton. The shell did not burst in the firsts t! 
and fourth rounds. In the second it burst jt 
the muzzle, and in the fifth it bur-st within tht 

'Jtrpt. OutirCollon Cummlttec, ISU-teeSi Loudoc, IWS. 
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B^unBO aa to make it apparently unfit fof 
service. It was believed that tbese explosions were due 
to the compression or friction produeed by the "setting 
up" of the compiinitively i()ose charges at the moment 
of starting. 

In 1867 experiinents were re.sunit'd with compressed 
pulped gun-cotton, the exjilosive being in Scinch discs, 
about 1 inch thick, made under a pressure of 6 tons per 
square inch. The shells used were of steel, with heivda 
wtiich could be unscrewed so as to throw open the whole 
interior space. The i*hell were idled as compactly aa 
possible with diifcs. the sides being protected by thick 
brown-paper coatings, and the vacant spaces at top and 
bott(»ni being filled np by brown pa])er and sugar, so as 
to prevent (ap|)iireiitly) any possibility of friction or 
motion. Precautions were tiiken to guard against the 
flame fnim the ignited cartridge penetrating through the 
screw-threads. Two rounds were fired from the 8-inch 
shunt gun. The shell weighed (empty) 144 irounds, 
carried a charge of 3 pounds, 2 ounces of gun-cotton, and 
were fired with 30 pounds of powder, which imparted 
1320 f. s. initial velocity. In the first round the shell 
burst after one graze on the range. In the second the 
shell burst in the bore shattering the chase and leaving 
nothing in front of the trunnions, 

One round was fired from the 7-inch M. L. Woolwich. 
The shell weighed (empty) 112 pounds, carried a charge 
of 2 pounds, 8 ounces of gun-cotton, and was fired with 
22 pounds of powder, which imparted 1465 f. s. initial 
velocity. The shell burst inside the bore, and the gun 
was cracked and expanded but remained entire. 

We have no further record of English experiments in 
this direction, but, according to Abbot,* they have sue- 
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eeeded better with wet gun-cotton, and they claim 
have realized safety in firinfj and to posseBS a good a^ 
rangemeiit for effecting the explosion after impact, and 
from the niniorw which reach us from Lydd and from thd 
experiments on the Resistance, there seems to be littlfl 
doubt that gun-cotton is proving it-s efficiency. ■ 

According to Hill,* experiments were successfully ca/tU 
ried o'lt, before 1875, on a plan suggested by Prof. Ab« 
for employing it as a bursting charge, in what are known 
as "water shells"; that is, shells containing small chnrgtiiH 
of a high explosive and having the remaining space Bllflfl 
with water. Owing to the incompressibility and higH 
elasticity of the wat^r. the energy developed by the e|fl 
plosive is imniedtntely communicated to the walls of tbiil 
envelope and ruptures it. This is well sllo^vTl by meaofl 
of a Prince Rupert's drop in a flask of water. M 

In these experiments 16-pounder shell were tried, al 
which a 1-ounce or |-ounce disc of dry gun-cotton, witifl 
a 15-gram mercury fulminate deton.ator attached to afl 
ordinary percussion fuse was placed, and the remainiiM 
space filled with water. The conclusions were that t^lfl 
shell prepared as described could be safely fired froifl 
field guns, and were more efficient than when chargafl 
with gun-powder. Experiments were also tried wi^| 
9-inch shell containing as much as 10 to 12 pounds vM 
wet gun-cotton with a dry priming charge armngttd ifl 
above described. Very good results were also obtainoH 
in practice against targets representing troops. fl 

In 1882 the German artillery begant experiments dfl 
the use of gun-cotton for shell. These experiments welfl 
made primarily in order to determine the posstbtliljl 
of using large charges in projectiles for the 21-cm. ina^| 
tar. For this they used cast-steel projectiles, with tbS 




walla, which were five calibres in length. Apparently 
ihey met with success, for they have adopted torpedo 
shell for this mortar which are made in two parts, a 
body and a head, screwed together. The charge is en- 
closed in a zinc or iron box, and is composed of discs of 
compressed gun-cotton 5 cm. thick and containing twenty 
percent of water. The upper disc carries a cylindrical 
cavity which holds a primer of dry gun-cotton, and the 
latter is pierced with a detonator hole. When the charge 
is phiced in the box a rod of wood is in.'serted in the det- 
onator hole, and melted parafRne is poured in to fill the 
interstices between the discs. The box is closed with a 
metal cover pierced with a bole for the detonator. Wlien 
the box is introduced into the shell the head of the latter 
is screwed on, and a hollow screw is inserted in the eye 
of the shell in order to hold the bo,x in place, and at the 
last moment the fuse and detonator are inserted in the 
aperture in the screw. The use of discs admits of greater 
density of loading, the charge being about four timea 
as great as when granulated gun-cotton is used; but, on 
the other hand, it requires that the projectile should 
be in two parts, and that special discs should be made 
for each caliber. 

These projectiles have given good satisfaction, not 
only in the 21-cm. mortar, but also in the 15-om. and the 
28-cm. In the latter piece the shell is loaded with fifty 
kilo. (110 pounds) of gun-cotton. 

It appears probable from the above that the method 
of forming and charging these shell is a late invention, 
as it is so similar to the one ascribed farther on to Von 
Forster and Wolff. 

In August, 1884, Conidr. Folger, U.S.N., fired 15 rounds 
of gun-cotton at a range of 2000 yards with the 80-pounder 
(6.4 inch) B. L. R., using full service charges of powder 



(10 pounds) and shell filled with gun-cotton saturated with 
water (3 pounds). The only precaution taken to relieve 
the shock at starting was in placing a layer of oakum ^ inch 
thick in tlie bottom of the shell. Three shell were also 
fired at an iron target, 50 yards distant, with a velocity of 
impact of about 1250 f. s. There was no premature ex- 
plosion in any case. It should be said that though service 
gun-cotton was used in these experiments the discs were 
broken up in order to feed them through the fuse hole, 
and that the density was consequently much reduced. 

In 1883 Messrs. Von Forster and Wolff t took out two 
patents — one for a process for preserving gun-cotton, 
the other for the construction of a shell charged with this 
explosive. The process of preservation invented by Von 
Forster consists in plunging the gun-cotton, wet or dry, 
into ether for 15 or 20 seconds; there is formed on the 
surface a very thin, hard layer impermeable to water and 
of a yellowish-brown color, thus giving the gun-cotton 
the appearance of wood. Xitro-benzene or other liquid 
solvents of gun-cotton may be employed in place of the 
ether. This layer does not effect the explosive prope^ 
ties of the substance, but diminishes loss by flaking and 
cleavage, retards decomposition, maintains the humidity 
at neaily the desired point, and prevents the penetration 
of paratline. However, this pellicle contains always some 
very small interstices through which moisture may es- 
cape eventually, but this imj)erfection may be neglected 
if the gun-cotton is properly stored. Gun-cotton, not 
coated and containing 25 percent of water, looses all its 
w ater in a few days if it be exposed in a brisk current of 
air, while the coated gun-cotton, exposed under the same 
circumstances, is not reduced to the dry state in as many 
w eeks. Besides, the layer is so thin that its combustibil- 

•licvue d'artillcric 29, 530—636; 1886. 



>t constitute a soui-ce of danger. In the i 
tf dry gun-cotton for use as primers, after the treatment 
irith ether, the detonator canal is plugged with paper 
tnd the disc is dipped in melted pnraffine. This forms a 
lecond impennuable varnish. 

The projectile described by tlie second patent in of cast 
ron formed of two parts which screw together, the interior 
leing filled with discs of compressed gun-cotton. At the 
lase of the shell is a fuse which fitj^ into the perforations 
S the discs. Tlie shell is provided witli an oi-dinary per- 
mssion fuse, and thi.s is connect.ed with the primer by a 
inse composition, which may be either gun-cotton in fine 
p-ains or a mixture of this body with meal powder. The 
latent does not state how the fuse is held in place. 

The arrangements described have been chosen as the 
«f>ult of experiments made at Walsrode on the effect of 
4ic explosion of gun-cotton in free air. These experi- 
nents of M. von Forster's led to the following conelu- 
Rons: the power of gun-cotton increases with the den- 
■ty; in the moist state it is more hrisant than when dry; 
t is advantiigeona to produce the inflammntion of the 
dharge at the part furthest removed from the object to 
K destroyed; and, finally, a cavity so placed as to follow 
ihe axis of the charge favors its action. 

It does not appear that the shell described above has 
wen experimented with, and later experiments on the 
l3q)losion of gun-cotton in free air do not appear to con- 
Irm the conclusions reached relative to the position of 
ihe fuse and the existence of the central canal. They 
W»ve, however, sought to utilize existing projectiles by 
levising means for charging them through the eye of 
ihe shell. These effort? led to the taking out of another 
Mtent in May, 1885. for a method of charging and for a 
pecial mode of fixing the detonator. 
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The gun-oottoo is used in the form of prismatic grai 
obtained by breaking up the compressed di!«8. Thi 
plnce 200 grama of dry gun-cotton upon the charge 
wet gun-cotton. When the charge is in place they int 
duce a mandrel through the eye of the t<he11, thus foi 
ing a canal in the cotton for the detonator and fuse, 
they pour into this space melted parnffine having a tem- 
perature of 70" to 80" C. This paraffiue fills all the in- 
t«rKt.ice» between the grains, and in solidifying binds 
them into one compact ma«s. The fuse is similar to the 
German percussion fuse, model of 1873. The plug 
elongated and opened at its lower end; it encloses a ci 
Hule containing one gram of fulminating mercury, and 
Murmunded by a band and tube, both of caoutchouc, 
wliole arrangement is held in place by a screw. If tht 
wish to obtain a retarded effect they use a longer pli 
and interpose a fuse composition between the expl 
and the detonator. In order to assure intiumt^e com 
between the fulminate and the charge they place 
lO-grni. disc of dry gun-cotton around the detonator, 
protect it from the action of shocks by caoutchouc bam 

The shell are charged before being stored in the mag- 
azine, but the detonators and fuses arc put in place at 
the time of firing. A brass tube, designed to receive 
detonator, protects the charge up to this time. 

In the spring of 1885 the German Government 
nislied the Wtilsrode factory with a 15-em. gun for the* 
trial of this mode of charging. They used lead-covered 
shells of 2.5 cal. model of 1869, weighing 27 kg. and 
having a capacity of about 2 dm^. Each shell received 
a charge of 1.35 kilo, of gun-cotton, with 20 percent of 
water, in parallclopipedons 10 mm. on the side and 20 
mm. long, and 200 grams of dry gun-cotton in cubical 
groins of 6 mm. on the side. They fired the charge of 
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1.0 kg. against a pnrapet situated at a distance of 70 m. 
The velocity, measured at 30 m. from the muzzle, was 
245 m. Out of five projectiles no premature explosion 
wan obtaine<l. Two of them had been fitted with reUirded 
fuses, and these produced deeper craters than the other 
three. The number of fragments was considerable, and 
their dimensions did not surpass some millimetern. A 
shower of fragments were thrown more than 70 m. to 
the rear. 

They exploded a shell buried 1 m, in the earth and ob- 
tained a circular crater about 2 m. in diameter, 70 era. 
deep, and of a capacity of 1.25 ra^ 

M. von Forstor replaced this method adopted for hold- 
ing the detonator by another, which is not described, but 
■which seems to have given good results. He pursued 
these experiments and proved successively all the ele- 
ments of the proposed system. For this i)urpose he fired 
an empty shell furnished with an imprtmed fuse, and 
with damp gun-cotton in the detonator, and he found 
that the fulminate in the capsule was not exploded. Then 
loaded shells containing neither fuse nor capsule were 
fired. There was no explosion and the gun-cotton was 
recovered unchanged. Next loaded shells, fused but not 
primed, were fired with a velocity of 420 m. against a 
parapet of wood, and afterwards of iron. There was no 
explosion, but as the resistance was increasfjd tbe shells 
were broken up as if empty, and sometimes, though not 
always, the gun-cotton was set on fire. 

Finally, he experimented with shell completely charged, 
fused and primed. More than 2U0 projectiles of 8.8 cm. 
were fired with a velocity of 450 m. The ordinary shell 
chargtid with gun-cotton were thrown from the rifled 
16-cm. mortar with a velocity of 200 m., and from the 
15-cm. gun with a velocity of 400 m. These laet two 
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pieces alwo projected steel shell of 6 calibers djurged oB 
the same xyftvin. There wa:* no case of breakiug up in 
the gun, and the final explosion was always complete. 

In the experiments in breaking up at retit they have 
counted for a cast-iron 8.8-cni shell, weighing seven kilo., 
200 fragments weighing over ten gninis each, and 600 
weighing from one to ten grams. An 8.8-cm. steel shell's 
weighing ti.64 kilo, gave twenty-three large pieces weigb^l 
ing altogether 2.26 kilo., and 127 small fragments weig 
ing together 2.865 kilo. A caat-iron shell of 15 cm. audi 
27 kilo, produced 3V6 pieces of more than ten grams, and 
828 pieces from one to t^n grams. It was noticed that 
fragments weighing less than one gram traversed boards 
25 mm. thick. i 

A projectile of 15 cm. and six cal., contjuning 9.93Sj 
kilo, of gun-cotton, buried vertically in the earth, the 
bottom being 25 cm. below the soil, produced a crater 
four meters in diameter and 1.3 meters deep, and having 
a crater of 7 m*. capacity. An eight kilo, jjetard gave a 
crater of 3.5 m. diameter, 1.5 m. deep and 6 m*. capacity 
with a charge of sixteen kilo, they obtained a diauieh 
of 5.1 m., depth 1.56 m., capacity 12 m^ 

In November, 1885, the Revista di Artigleria e Oei 
announced that the German Government had adoptf 
the Walsrode granulated gun-cottoo for charging nhells. 

E.\periments were made at this station during the pai 
and present years in testing the safety of our servic 
gun-cotton for use as shell charges in service guns whei 
the shell were not fused. The only guns we had i 
hand were the Dahlgreu 24-Pdr. howitzers and the 2()-Pdl 
M. L. R., and, as it was deemed advisable and, in fat 
essential to use the gun-cotton in its compressed conditioif 
special elongated projectiles had to be made for these guns. 

The shell for the 24-Pdr. were made of cast iron. They 
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had an exterior diameter of 5J inches, interior 5 inches^ 
interior lengtb 8 incliex. They were fitted with a base 
plug and had a curved liead. The shell were all fired 
with service charges of powder. As the interior diame- 
ter of the shell was much larger than the diameter of the 
gun-cotton discs, dry sawdust was rammed in to fill up 
the space. 

In the first four rounds from this gun the shell charge 
consisted of three and one-half discs of wet gun-cotton, 
weighing 4} pounds for each, while the loaded shell 
weighed from 30 to 32 pounds. In the first round the 
gun was fired point blank at the masonry escarpment of 
the fort on Kose Island 50 yards distant from the muzzle. 
There was no explosion, and the shell broke up on striking, 
scattering the gun-cotton, but without setting fire to it. 

In the second round the shell struck in the crevices of 
the masonry and buried itself in the earth behind. It 
was recovered and found to be perfectly intact, except 
that a fmgment was broken off the projecting base plug. 

In the third round the shell was fired up the Bay, It 
was a straight-line shot, and the shell richocheted on 
striking the water, but it neither exploded or broke up. 

In the fourth round the shell recovered from round 
two by digging from butt was fired again at butt. The 
shell broke up on striking, but there was no explosion 
and, on digging into the butt, the point of the shell, with 
a disc of gun-cotton and sawdust firmly imbedded in it, 
was recovered. 

In the fifth round the charge consisted of one dry and 
three wet discs ; in the sixth i-ound, of two dry and two 
■wet; in the seventh, eighth, ninth and tenth rounds, of 
four diy discs each. In all these cases the shell were 
fired into the escarpment, and in no case was there an 
explosion, either in the gun, during flight or on impact, 
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thuugit file projectiles bruke itp on impact. At the tion 
of breaking up, a little of the dry guu-cottoti was somal 
time» wt on fire, but mo.'^t of it wr» sctittered iiboiit anfl 
recovered. Occasionally, whole discs were i-ecoveredj 
but they were much compressed, distorted and craekedjl 
Hhowing how severe the blow was to which they hd/M 
been subjected. M 

The shell used with the 20-Pdr. were made of 4-in(w 
Kteel tubing ^ inch thick, ^^'ith solid conical heads ana 
movable base plugs, and were of such a diameter as tm 
just take the gun-cotton discs, so that no packing wiia 
u»ed, only an asbestus gasket being placed over the baaM 
plug. The service charge of powder (2 pounds, rifle) wafl 
used and all other service conditions preserved in theafl 
experiments. M 

In the first four rounds the fthell were loaded wiM 
from 4 pounds, 9 ounces to 6 pounds, 6 ounces of servicS 
wet gun-cotton, and they were fired into the butt. TheiM 
was no explosion in any case, the shell were broken afl 
the butt and some of the gun-cotton scattered about, btiH 
the bodies of the shell were recovered, distorted anfl 
crashed, but still tightly filled with gun-cotton. M 

In the next six rounds the same gun and similar shefl 
were if^ed, but the charges were all of dry gun-cottoJ 
and instead of being in one compact mass, as in all thfl 
previous experiments, they were composed of split ^indfl 
discs, so there was some play to the charge. M 

In the first round the same results were obtained tM 
with the wet gun-cotton. In each of the remaining fivfl 
rounds the shell broke up in the gun, but there waa nfl 
explosion and no damage done. ■ 

These experiments were continued nt. the Naval Ord- 
nance Proving Ground, where six rounds were fired from 
the 6-inch B. L. R., known as the South Boston gun. The 
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projectiles used were elongated shrapnel cases with re- 
movable heads. They weighed, after their contents had 
been removed, from 75J to 77 pounds, and they held 
from 6 to 6J service g. c. discs, t. e., frtjm 4 pounds, 8 
ounces to 4 pounds, 14 ounces of dry gun-cotton, but, as 
the shrapnel had a larger diameter than the gun-cotton, 
and, as the cavity was also much contracted at the base, 
there was a large space which had to be filled with saw- 
iflust. The walls of the projectile were Ijij inch thick at 
the mouth and increased in thickness as the space was 
contracted. 

Wet service discs were used in the first five rounds. 
The weights of the loaded shell varied from 81.5 to 83 
pounds; the weights of powder charge from 25 pounds 
of Dupont Brown Prismatic to 29 pounds of Sphero- 
Hexagonal, and the registered chamber pressures from 
jB.45 tons to 13.8 tons. The shell were fired down the 
Bay, and in no case was there an explosion or breaking 
Up of a shell. 

In the sixth round the shell charge consisted of one 
dry service disc, the rest of the space being filled with 
dry sawdust packed as closely as a man could ram it 
■ffith a short wooden rammer. The weight of the loaded 
6hcU was 78 pounds, of powder charge 28 pounds S. H., 
and the chamber pressure, as registered, was 13.1 tons. 
On firing, the shell was blown out of the gun in small 
fragments, but there was apparently no explosion of gun- 
cotton as the pre.sMure registered was normal, and the 
gun was not affected beyond an almost imperceptible 
(Scoring at the muzzle. Evidently, in this case, the sawdust 
was not compact enough to support the walls o£ the shell. 

Dynamite was invented in 1866 or 1867, yet certain 

rsons have recently* asserted that in the years 1862, 
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prematurely, and part of tliem burst Kuccessfully at the 
time fixed. 

Cotndr. Barker was ro much encouraged by the resulta 
obtained that he recorameuded and urged, then and after- 
wai-ds, that he be permitted to extend these trials to our 
hirgest calibre smooth bores. 

In 1883 the Ordnance Board, U. S. A., fired five shell, 
each charged with 6J ounces of explosive gelatine, and 
fitted with Scherikle's percussion fuses, from the S-inctt- 
wrought iron rifle. All the shell burst after leaving the 
gun and before reaching the target. The explosive had 
been on hand for some time. 

In 1884 Comdr. Folger, U. S. N., fired 22 rounds in 
12-Pdr. shell, the last ten being under service couditiona. 
£ach of these shell contained 5J ounces of dynamite and 
a little oakum to serve as a packing. There was no pre- 
mature explosion, though one of the shell exploded on 
impact with the water. Five of the shell carried ordi- 
nary time fuses, and these exploded at the point and 
time intended. 

The same year the Ordnance Board, U. S. A., fired two 
rounds with a new lot of explosive gelatine from Nobera 
Explosive Co. at Glasgow, the same gun and prujectilea 
being used as above. The first shell broke up on leaving 
the gun, the second broke up on impact with the target, 
but as it struck sidewise it evidently did not take the 
groove. As this last was the only shell in seven which did 
not break up prematurely, it was thought that the others 
had been broken up owing to the heat generated by frio* 
tion between the rotating projectile and the explosive, so 
three projectiles were prepared for the 3.2-ineh gun with 
hollow wooden cases closed at the bottom and lubricated 
on the exterior. They contained one pound each of the 
explosive. The first shell did not explode until reaching 
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the target. The second burst soon after leaving the gni^ 
but its wooden case had been cracked in Blling'. The 
third burst in the gim and destroyed it. The projectile 
was an old one, and it wa.s thought the shell nii^ht have 
been ruptured by the powder charge, or that the bji.**e 
phig fitted imperfectly. So new projectiles were prepared 
for the 8-incb M. L. R. They were made of cast iron with 
an ogival liead connected to ihe body with a screw thread. 
To avoid friction between the explosive and the walls of 
the rotating shell, the explosive was packed in a paste- 
board cylinder divided longitudinally into four conipartr 
ments by two pieces of wood. The cylinder fitted the 
phell loosely and was coated on the outside with plumbago 
and tallow. The shell contained 5 pounds. Sy'j ounces of 
exploaive gelatine. The powder charge was 40 pounds 
Dupont S. H. powder. A hollow rubber buffer 6 inches 
long and 1 inch thick was interpo.'fed between the powder 
charge nnil shell. Tlie shell ft ruck the target and burst on 
impact. A second shell, without the wooden diaphrag! 
but otherwise like the first, broke up on leaving the 
A third shell, arranged just as the fii-st, bi-oke up on i 
pact. It being considered that these trials showed the cat 
to be superfl'ious. and that a stout diaphragm which woii 
cause the explosive to rotate with the shell would pron 
sufficient, one was prepared with a copper diaphragm 1 
into grooves in the sides of the cavity. The shell i 
tained 8 pounds, ]3 ounces of explosive, the powd 
charge being as before, and it broke up on impact, 
from the construction, these shell were not very stroni 
steel shell with solid heads and heavy screw base pluj 
were made. One of these, containing a copper diaphra^ 
and 5 pounds of explosive gelatine, was fired with 4ff 
pounds F. V. M. hexagonal powder and destroyed the 
gun. The gelatine had been on hand a year and w« 
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uncaiuphorntt'd. A second containing a new'1 
cuniphonit**d ffelatine was fired from the 8-iiicU M. L. R., 
and it burst in the muzzle of the gun. 

It should be noted that in the course of these experi- 
inents three Butler shell charged with gunpowder and 
cuntaiuing fulminate fuses broke up juat as those con- 
taining explosive gelatine did. 

In 1S86 another round was fired with a projectile de- 
vised by Mr. D. P. Hill from a Butler shell, by boring 
through the bnse so as tn introduce a brass cylinder carry- 
ing the charge (5 pounds) of explosive gelatine. The 
Oftse was fixed to rotate with the shell and carried an 
elflstic cushion at the front and rear within the shell, 
wliile there was a buffer of six inches of felt behind and 
attached to the shell. The shell was fired from the in- 
jured 8-mch M. L. R. with 40 pounds of Dupont E. V. 
powder, and it shattered the gun to fragments about the 
feat of the projeirtile. 

In 1884 tests were made with a special form of shell, to 
be loaded with dynamite or explosive gelatine, which was 
designed by Mr. F. H. Snyder. It consisted practically 
of a snbot, built up of gelatinized fibre, leather and copper 
discs, to he placed next the powder charge, next to this a 
brass case holding a cellular rubber buffer, nest a wooden 
plunger for compressing the buffer and then a shell-like 
magazine for holding the explosive. 

On July 25 two rounds were fired with 3-poimd charges 
■of powder from a 6-inch gun there being 8 pounds, 8j- 
ounces of dynamite in the shell. The first shell struck 
about 200 yards from the gun and broke up without ex- 
ploding. The second exploded in the bore and destroyed 
the gun. 

In October five rounds were fired with thicker- walled 
ahelh The powder charge was as before 3 pounds, and 
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the whc-U charge from 7 pounds to 8 pounds, S ounces 
dynamite. None of these shell exploded prematurely 
but aome failed to explode on striking. As the project 
weighed 60 pounds, the powder charge was much 
small to obtaiu any suitable range, and it was detemiini 
to increase it to 8 pounds, A prehmiuary round with^ 
shell loaded with Band having shown that the projed 
was strong enough to resist rupture, a loaded shell ci 
taining 6 pounds, 12 ounces of dynamite was fired whi) 
dcHtroyed the gun. 

In 1885 Snyder used a 12-pdr. cannon, and with a ehai 
of 1 ^ pounds of powder he claims to have successfully fii 
projectiles containing five pounds of dynamite. Fii 
rounds were fired in Washington in March, 1886, from 
6-inch B. L. R. with shell containing from eleven to twelve 
pounds of forcite. There were no premature explosions, 
and the shell exploded on impact doing con^derable 
execution on the rock target. In 1888 this system was 
tried by the Turkish Government at Agha Deres«, 
6-inch B. L. R. heuig used and the shell being chargi 
with 10 pounds of explosive gelatine. The target, whit 
was 656 feet from gun, comisted of a 12-inch laminated 
steel plate backed with 12 X !■! inch oak beams, the whole 
weighing twenty tons. A single shot overthrew the tafc 
get, which fell on its face, while ten rounds were 
without accident of any kind and without injury to 
gun. 

In 1886 Lieut. J. W. Graydon fired 52 rounds froi 
the 4^inch siege gun with uofused shell containing d; 
amite No. 1. The target was a rocky cliff at a diatani 
of 2200 yards. None of the shell burst prematurely, 
all but two were observed to bur,st with a loud report 
impact. It was not stated how much dynamite was usi 
the method of loading the shell was by first lining it 
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lestus paper — two thicknesses on bottom — and then 
inserting pucketj^ of the Jynumite wrapped in pniaifined 
paper, and nininiing them with woixlen mmniers until 
the shell was filled. When loading the gun, eight asbes- 
t«s wads were placed between the powder and pTOJectile. 
The inventor claims that it takes a given amount of heat 
to explode the dynamite, and he gets a certain amount 
from the gunpowder, more by friction in transit and 
enough more on impact to explode the shell. 

This system was tested by the Ordnance Board at 
6andy Hook in December, 1887. the 7-inch Ames M. L, R. 
and steel' shell weighing 122 pounds, containing 2.3 pounds 
of dynamite No. 2, with a powder charge of 23 pounds 
being used. The sliell were fitted with base plugs for con- 
Teuience in loading, and a fuse was provided. The tai^ 
get, which was 110 yards from the firing-poiut, was a 
section of a wroughtriron monitor turret 14 inches in 
thickness and made up of two 7-inoIi [dates, each of which 
Was divided horizontally into two Hcctions so disposed as 
to break joints, the joint in the front plate being one- 
tiiird the distance up fn)m the base. The whole wa« 
roofed with an iron plate, 3 iuchcs thick, and weiglung 
Irom 12 to 15 tons, which projected 1 foot beyond the 
face of the turret and was secured to the latter by sev- 
eral l|-inch wrnught-iron bolts. The target had no 
backing and was not braced or supported. It had been 
[UBed as a great-gun target before, and shotrmarks were 
pvisible on its surface, while there were several noticeable 
cracks in it. The fii'st shell which struck the target was 
a glancing shot, and not a ''point on" shot, as was de- 
sired to test the penetration. Jt made an indentation, 
nevertheless, three inches deep and, though unfused, it 
exploded with great violence. As a result, the roof of 
the turret was lifted off and blown twenty-five feet to the 
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rear, breaking seven bolts, each one and three-fourthg ' 
iiichef in diameter, used to bolt the front and rear plates 
together. It also made a erack ten inches long in the 
front plate and about eighteen inches long in the : 
plate. Tlie wreckage was very marked. The two i^eve 
inch plate's of the turret proper were also torn apart 4 
distance of five inches, breaking off the bolt heads whid 
secured the plates together. 

The second shot struck in a mark one inch deep that 
had bven made by an empty csist-iron shell, deepening 
the impression to three and one-eighth inches, sixteen 
inches below the first shot. It continued the crack mai 
by the first shot upward to the top bolt holes and dow 
ward to the horizontal joint, the length of this crack" 
being five feet two inches. This was also a glancing 
Hhot, the name as the first. The wreckage produced by 
this shot wa.*} even greater than that of the first, tbe two 
seven-inch plates forming the turret proper, which were 
torn apart by the first shot, being still further torn api 
to the extent of seven inches. Numerous bolts were a 
broken and displaced, and the rear plate cracked from t 
embrasure to the bottom of the turret. 

The third shot struck in an old indentation three incb 
deep and penetrated the first plate seven inches and 1 
second plate one inch. The front plate was broken, ( 
piece two feet eleven inches by three feet three inchd 
being thrown eighteen feet to the left of the targed 
The cracks in the rear plate were opened, five new crac 
made about nine inches long, and the plate opposite t 
point struck bulged out to the rear three inchei 
shot completely destroyed the left side of the target, 
penetration of the front plate being effected before i 
explosion of the dynamite, and its wrecking energiei 
being entirely exerted on the turret. The weight of t 
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t jriece blown out was variously estimated at from cue and 
I a half to two tons. The two main seven-inch plates com- 
I posing the turret were ali*o still further separated and 
I numbers of bolts blown off. 

Four other shells were fired at different rangea, one 
caching the full range of the cannon, estimated at four 
ad a half miles, out to sea. 

In 1887 the N. Y. Dynamite Projectile and Gun Co. 
presented a projectile for the 3.2-inch rifle consisting of 
a shell with a piston rod attached to its base and on the end 
of this an air cylinder, all being of Hteel. The air cylinder 
^g was designed to take up the shock of discharge by the 
^^ gradual compression of the air within it. Two sets of ex- 
periments were made, blasting gelatine being used as the 
shell charge, and in both cases the gun was destroyed. 

A .somewhat similar projectile, in which the same prin- 
ciple was involved, was presented by Mr. W, M. Brisben, 
but was not submitted to trial aa it was found to be 
faulty in design and impracticable. 
B According to current report, experiments in firing shell 
^ loaded with dynamite, after a method devised by Mr. B. 
D. Stevens, were tried October 11, 1887. at the State 
Arsenal, Montpelier, Vt. The piece was a 32-pound 
brass Napoleon ; the shell charge one-half pound of 35 
■^percent dynamite, a time fuse being used and the usual 
^^aervice charge of two and a half pounds of powder. Five 
rovmda were fired without any premature explosion. We 
have no infonnation as to the device employed further 
than that the shell was double. 

In 1885 the Ordnance Board tested a device of C. P. 
Winslow's, which consisted of a shell containing two glass 
jars, one within the other, the inner one containing a 
mixture of nitric and sulphuric acids in the proportions 
by volume of 4 : 3, and the outer one glycerine and sul- 



phuric acid in the proportions of 6:1; the volamex 
the liquid nuxtures being the same in t-ach jar. 

The projectile was formed, like n Bntler shell, with 
appendage resembling a cascabel, the neck of the appen- 
dage, to which a wrench was fitted, being hexagonal. 
The part corresponding to the knob wa.s a cylinder teP' 
minating in a spherical segment. Tlie projectile 
divided into two sections, the interior part being a cy 
der with an ogival head, and containing a cavity in which 
the ingredients to produce an explosive compound were 
placed, and terminating at the rear end in a screwed 
tenon, by means of which it was fastened to the rear 
tion. The rear section was provided with a cavity 
tended to receive a cast-iron plunger and a charge 
rifle powder. Near the base of the projectile was a 
cumferential groove in which time-fuse composition 
driven, and this groove was connected with the rifle p 
der in the rear of the plunger. An axial chamber was boi 
in the plunger and contained a small charge of rifle 
der, the rear of this chamber being closed by a Si 
plug, containing a vent filled with slow-burning comi 
tion. 

The jars were fastened together by sCrew-caps, 
were placed within a tin cylinder, open at both ends, wl 
fitted the shell cavity. Stout cross-bars traversed 
open end of the cylinder, and the exterior glass ves 
was fastened to the bars by strong bands, which, 
by rubber straps, were designed to prevent the rupti 
of the jar when the piece was fired. The rupture was 
tended to be effected in the following manner: The ti 
fuse was cut at any desired point, and when the proji 
had traversed a certain portion of its trajectory, the ehai 
of rifle powder in the rear of the plunger was to be fi: 
and the plunger to be forced violently forward, 
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breaking the bottles, and, in connection with the rotation 
of tbe shell and the broken fragments, causing an inti- 
mate mixture of the glycerine and the acids, and forming 
the explosive compound. When the projectile struck a 
resisting object, the shock of impact was expected to 
cause the explosion of the compound thus formed, or, if 
this did not occur, then the charge contained in the axial 
chamber of the plunger was relied on to bring about the 
explosion. 

Three rounds were fired from the 8-inch M. L. R. " In 
the first 35 pounds of powder were used, and it was 
thought that the projectile was broken by the shock of 
discharge. In the second 30 pounds of powder were 
used, and the fuse was set for five seconds. The shell 
burst in the air in two and one-half seconds, and from 
the peculiar appearance of the smoke the nipture was 
regarded as due to the explosion of a substitution (?) 
compoimd. In the third round, fired with a 30-pound 
charge, over water, no explosion took place. The fourth 
projectile was exploded by means of an electric primer 
m an inelosure. The shell broke at the screw-thread 
into two pieces, the head being thrown some 25 feet out 
of the inelosure. The bottom was forced against the side 
of the inelosure. 

In conclusion the Board reported that the acids can be 
safely triinspurted to any point, the mixture can be 
effected without danger, and a shell arranged to contain 
them may be fired from a gun without injury to it. 
With the mixture used an explosive compound is proba- 
ibly formed, although tbe proportions of the ingredients 

led were not such as to give the best results. If they 
'liad been, and if the greatest possible amount of nitro- 

lycerine producible by the ingredients which the shell 

ivlt^ could contain were formed^ it i& not thought that 
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the effect would be equal to that resulting with an ordi- 
nary burstiiig charge of gunpowder. The Board therefoi 
recommended that no further trials be carried on with 
devices closely resembling it in principle. 

In October, 1887, experinienta were made at the T( 
pedo Station in firing nitro-glycerine from 24-Pdr. hoi 
zei"8 according to a method proposed by Mr. Serge 
Sraolianinoff. lie treated nitro-glycerine so as to rendi 
it insensitive, pourfd the liquid into the Rbell, completely 
61Iing it, and then fitted in the fuse hole a burster with 
time fuse attached. The liquid, as used here, containei 
97 percent of nitro-glycerine, and the service Bhell hel 
from 1 to 1.5 pounds of the liquid. Twenty roundtt wei 
fired with service charges of gunpowder. Five of 
shell were unfused, and were fired into tiie masonry 
carpment, 50 yards from gun. All broke up without an; 
perceptible explosion. The remainder were fused 
fired up the Bay, and, with the exception of three, thi 
exploded in mid air, at the time fixed, with a sharp re^ 
port and scattered the fragments over a very wide area. 

The Board reported: "The experiments lead us to the 
conclusion that the method of firing nitro-glycerine fi 
powder guns, which Mr. Smolianinoff has submitted 
us, is a perfectly feasible one for the conditions such 
have been obtained in our experiments, and we woul 
strongly recommend that the experiments be extendi 
BO as to test its value for guns of greattr caliber, wil 
larger charges of powder, and capable of throwing pi 
jectiles containing relatively much larger amounts 
nitro-glycerine ." 

Previous to the Newport experiments Mr. Smolianim 
claimed to have fired over 300 shell from a condemni 
20-Pdr. rifled Parrott, using an 8-inch conical shell com- 
pletely filled with the prepared nitro-glycerine, and a 



with 



25 



I 



Bit 



S-pdund cliaigt of Du}Hiut F. F. jKtwder, and that he 
bad not a single premntuie explosion. 

In November, 1887, three rounds were fired at Sandy 
HcK>k by thi»< method from the 100-Pdr. Parrott with shell 
weijfliing from 82 to 89 poiiudc and cuntuining 4.1 to 4.6 
pounds of the preparetl nitro-glycenne; 18 pounds of 
Dupont powder were used giving 1404 f, s. velocity and 
26700 pounds pressure. The target wiis in every respect 
simitar to that used in the Graydon experiment. 

In one round no fuse was used, in the other two the shell 
were fused. All exploded on impact but did no material 
damage to the tiirget. As tiie cast-iron shell used were 
very weak and adapted for a nose fuse, penetration was 
impossible, and hence no renlly useful result could be 
looked for beyond the proof of the safety of the method. 

The Grnsou system of employiug high explosives, 
whicl) was piitented in Gennany in 1879, embodies tlie 
iety prineiple, first set forth by Dr. Sprengel in 1873, 
d using two or more subefance.s which are harmless 
by themselves, hut which form a very powerful explo- 
sive when mixed, and keeping them apart until wanted 
for use. This is accomplished either by placing the sub- 
stances in the ishell In fragile vessels of glass, porcelain, or 
similar material, which are strong enough to resist the 
Its and jars incident to transportation and handling, hut 
■■which are not strong enough to resist tlie shock of dis- 
charge in the gnu, or it is done by dividing the shell into 
a number of compartments by means of suitable dia- 
phragms. When the first method is used the fragile ves- 
sels must be enclosed in rubber, felt or other elastic suh- 
stances to prevent accidental fracture. These shell have 
been constructed with base fuses, and without fuses, the 
latter being amior-piercing shell designed to he exploded 
by impact. 
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Vmious explosives may be used in these shell. hjA 
GruRon adopted hellhofite. In the earlier experiraeW 
the nitric acid was contained in the head of the project* 
and the nitro-benzene in the base. When explosion aft« 
penetration was required the materials were placed i 
the reverse order, and a delny-action fuse in the base i 
tarded the openition of the mixture until the gre«t< 
point of penetration had been attained. 

In a trial in 1883* of 15-cm. shell, six of them, contain- 
ing 1.1 kg. of hellbofite, were fired against a parapet, and 
they effected about four times the damage which six shell, 
containing ginipowder, under the same conditions did. 

Twelve Gruson 15-cm. shell, containing 1.9 kg. of hell 
hofite. were fired at Palmanovii in 1884 with a charge G 
1.2 kg. of powder, and four with u charge of 1.4 kg. i 
powder. Three 24-cm. shell contivining -5,53 kg. weW 
also fired with a powder charge of 4.3 kilos. There weij 
no premature explosions, but the projectiles were founi 
wanting in accuracy and to be inferior in effect to e 
lar projectiles charged with gun-cotton, though superi 
to gunpowder. 

Experiments with these shells are also said to ha^ 
taken place in Denmark, Sweden, Switzerland and Enj 
land, but no data of the trials is at hand, though the ; 
8ult« in the first country are said to have been very fa" 
orable to the new explo-stve, while in the last they weri 
not very satisfactory. 

There are probably no experiments of late which haf^ 
excited more interest or aroused greater curiosity than 
those currently reported as having been made in France 
in firing shell filled with melinite from powder guns, and 
this is largely due to the mystery in which the whole subi 
ject, owing to a wise policy on the part of the Fren 

•m. Vav. ana MU. Uag., S, 402^13; twe. 



2V 



I 

1^ 



government, is enveloped. What Beems certain U that 
the explosive has bocii thrown in this way repejitedly in 
large cliarge^ and that the success attending \t» use has 
led the French to adopt it as a service explosive and to 
etore in their ningnxines n hirge supply of projectiles filled 
"with it; for use in war. There is little doubt that esperi- 
mentt! in hritig it have been carried on with the Btlli- 
queuse as a target and though it is said that no effect was 
produced by this fire on the armored [wrtion of the ship, 
the nhell which fitruck the unprotected parts created ''terri- 
ble havoc," and that as a consequence, the French Naval_ 
experts advocate a reversion to complete armor and the 
designs of several ships now building, such as the Brennua 
and tlie Dupuy de Lome have been modiBed to meet the 
fire of high explosive projectiles. Experiments recently 
made in England with melinite and gun-cotton shell, in 

t which the Hnsistance was employed as a target, are also 
jreported to have given results similar to those yielded by 
the Beiliqueuse experiments, but here again a secretive 
policy is pursued. 
We have stated in Lecture V. that melinite is said to be 
picric acid in a particular fused and consolidated condition. 
In a recent work* Max Duiiias-Guilin says it is a mixture 
of picric acid and a collodion, while elsewhere 1 find it 
given as being a mixture of fused picric acid, in granules, 
with tri-nitro-cellulose dissolved in acetic ether. Dumas- 
Guiliu refers us to the German jounials for an exact des- 
cription of Its composition. He states that shell containing 
S3 kg. have been fired at Bourges; that this corresponds in 
power to 100 kgs. of powder; and that the melinite shell 
ibave produced destructive effects equal to those obtained 
Germans with gun-cotton shell. The Office of 
ntelligt-nce reportst that the French are said to 
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liave sncceded In firing melimfe sholl from Iiij^h-poweT 
guns with velm^ities aa liigli fi>* 2000 f. h. The weifjht of 
melinite in th!f< case i« not mentioned, but it is known 
that charges of nearly 70 jiounds have been repentedJj 
fired from the 22-cm. mortar with velocities of ov' 
1300 f. ». 

TrinlH have been made with remits? in Sweden, bi 
notliiiig i.-* known further than that small whell chargi 
were fired from an old 10-cni. M. L. gun with an initii 
velocity of 400 m,, and that there were no explosions unl 
im[iaet. 

Allhoitgb ninny device-s, snch as catapults and nrro' 
ti])ped with high explosivea, and biilhxjns arranged 
automatically drop explosives, have been snggested, the 
beat jx'i'fectcd device for projecting high explosive**, in 
use in this country, is that known as the Pneumatic Tor^ 
pedo Gun, and although, according to Capt. Zalinski, 
U, S. A., "in no way \n this weapon to be compared with 
powder guns, nor in any way to replace them," it see 
pro|)er to speak of the wejipon in this connection. 

The application of the expansive force of steam or 
compressed gases to the throwing of projectiles is no 
novelty, as it was shown long since in the Perkins' eteam- 
gun and the common air gun that it could be availed 
for this purpose, though these weapons could not compel 
in efficiency with the gunpowder gun. The applicatioi 
however, of this force to the throwing of projectil* 
charged with high explosives is novel, and is due to 
D. M- Mefford of Ohio who in 1883 designed and coi 
structed a 2-inch gun which was submitted to the Wi 
Department, and consigned by the Department to Lt. 
L. Zalinski, 4 Art., U. S. A. for trial. From that time tl 
latter has devoted himself most assiduously to developii 
the full power of this weapon and he has devised a mi 



ingenious and vnluable fuse, for use with it, whiob Fieems 
equally applicable to projectiles thrown from gunpowder 
gun^. 

The followin{5 description of this weapon is taken from 
Cnpt. Ziilinski's address before the Naval Institute.* 

The gun barrel consists of a very light tube having, at 
present, a smooth bore. As the firing pressure used does 
not exceed 1000 pounds per square inch, it will be seen 
that, if made of Hteel or aluminum bronze, it need not be 
more than one half inch thick even in calibers aa great as 
twenty inches; a greater thickness has been used in the 
8-inch and 15-inch guns, for the purjwse of obtaining 
somewhat greater rigidity and to lessen the chances of 
mechanical injury in transportation and manipulation, 
Where it is bnportnnt to eliminate weight, as on ship- 
board or on torpedo boats, these tubes can be made very 
light indeed, especially in cases where they are placed at 
a fixed angle. When the machine is to he movable for 
elevation or direction or both, the barrel is supported on 
a suitable truss. 

The breech mechanism is ordinarily a simple gate ar- 
ranged so that the valve mechanism cannot function until 
the breech is closed and latched. The valve is known as 
a balanced valve, so arranged as to open and close by a 
single movement of the operator. The time of opening 
and closing can be varied by an adjusting device so that 
any desired loss of pressure will ensue. In this way the 
range can be changed without change either of elevation 
or pressure. In addition to this means of controlling the 
range, there is a device for throttling the passage-way 
between the valve and the reservoir of the gun. so that 
although the valve may open and close in a uniform time, 
the amount of air which can pass into the gun in that time 
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cau be varied, A more complete and accurate control 
the range can be obtained in tills way than in any oth 
The size of the passage-way tan be ([uickly reguhited t 
hair's breadth. In the case of a vessel advancing or 
treating from a target, the opening can be constani 
changed to conform, to the variations of range, much moi 
quickly and accurately than can be accomplished by ci 
responding changes of elevation of a gun. 

The air reservoirs used thus far consist of wrought i 
lap-welded tubes of 12| inches and 16 inchen outside 
meter and from ^ to f inch thick. These tubes arefi 
18 to 20 feet in length. The reservoir tubes fi-om whi( 
the air for firing is directly drawn are known as the "firii 
reservoirs." This reservoir will, as a rule, have five times 
the capacity of the bore of the guu, Experimenta are 
under way with a viewof producing very light reservoirs,, 
both by wire-winding and by cold drawing of brass 
steel. It may be well to mention here that the pi-essi 
in the reservoir may be reduced by a single firing to h: 
predetermined amount, the valve behig adjui^table to ac- 
cunipUsh this automatically. The most economical results 
are obtained with the air acting expansively. A loss 
10 per cent to 12 per cent with a reservoir of five 
pacities of the gun bore if" the maximum whieh can 
used with any appreciable advantage. Where it is 
sired to fire a large number of rounds with great nipiditj 
an auxiliary storage reservoir is used, into which the 
is compressed ordinarily to twice the pressure to be 
in the gun. After each discharge the air is drawn fi 
these, to restore the pressure in the firing reservoir to an] 
desired point. 

The air compressors may be of any type capable of' 
giving the high pressure to be used. The compressors 
of the Norwalk Iron Company have been used thus it3,r. 
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TTiese compressors perform the compression in two stngea, 
there beiii^ an intermediate cooling in passing from the 
first compression to the last. Where cooling processcB 
are to be used for other purposes on shipboard, the air 
compressors can be utilized. They may also be of use 
where the pneumatic gun carriage system is introduced. 

The shell is made at present of brass tubing and castr 
ings, made as light as consistent with the necessary 
strength for handling and in being fired. The shell is 
retained in it« proper trajectory by means of the tail tube, 
t« which spiral vanes are attached. It is centered in its 
pasaage through the bore and kept from metallic contact 
with the same by means of non-metallic pins in the head, 
the leather gas check at the rear end of the cylindrical 
part of the body, and by the vulcanized fibre projections 
riveted to the spiral vanes of the tnil. 

They have recently succeeded in making the conical 
point and cylindrical portion of the shell of a single seam- 
lefls piece, it being produced by hydraulic pressure. Thia 
was not considered easy of accomplishment in view of 
the fact that, for the 15-inch shell, the piece is 14| inches 
outside diameter, 80 inches in length, and ^ inch thick. 
The conical point is made strong enough to resist crush- 
ing from impact with water, but so thin as to readily 
crush when striking a solid target. 

The charge thus far has been uncamphorated explosive 
gelatine, having a core of dynamite. This core is for 
the purpose of producing a complete detonation of the 
less sensitive explosive gelatine. Zalinskl prefers com- 
pressed dry gun-cotton for this purpose, as cold weather 
does not affect its properties as a detonating substance. 
At the front and rear of the charge he would use cam- 
phorated gelatine to diminish the chances of explosion 
by shock, both in starting the shell and in striking the 



target. For this purpoac alwo, a diaphrngiu is placed so 
to stop off the charge .some {listance from the puii 
gives time for the detonation of the charge from the ret 
end before the front can be expUwleil bv nhock. To guard' 
fltill farther against the possibility of explosion by impact 
and give time for tiie electrical primer t« act, it may be 
necessary to place a cushion of felt or other ehmtic j»u] 
stance in front of the diaphragm. This can only be detei 
mined by actual experiment against armor plat^et^, 

The earliest experiments with the pnemnatic guu 
demonstrated that the ordinary fuse arrangements were 
insnHicent to obtain the best results with high explosiv 
It was found necessary to produce the initial exploftioii 
frhe rear end of the charge, m order to produce 
maximum effect on a solid target, and it was imporl.ial 
therefore, that this explosion should take place au iust 
before full impact. 

To obtain the very important torpedo effect which 
the primary object of the pneumatic toq>edo shell, it 
uecessary to cause the explosion to take place an inturvi 
of time after striking the water. The tamping, due 
the submersion, is thought sufficient to develop the ma; 
mum energy of the charge, and this acts againnt the moi 
vulnerable under-wnter hull. Where countermining is 
be attempted against ground mines, it is desinible 
encure some of the shells getting to or near the boti 
before exploding. Above all. the fu.se must he assurcdij 
safe in storage and in handling. Consideration of these 
requirements led to the development of the electricul fuse 

This consists of four parts: 

1. The electrical battery; 2. The low t-eusion primei^ 

3. The circuit breaker; and 4. The detonating cap. 

The chloride of silver battery has been selected as b< 
most suitable. Although the electro-motive force is loi 
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the internal recintance uf the battery, aa made, is vei 
low, and a Eimall single element suffices to bring the bridge 
to a red heiit. But to ensure against accidental incrcasft 
of resistance in the circuits and to reduce the time required 
to fire the primer, one set of batteries is made quadruple, 
while the other two sets are double. Each set is arranged 
in series. All of the elements of the quadruple battery, 
which is in the rear end of the shell, are wet with salt 
water before insertion into the shell. One pole of this bat- 
tery is connected, through the primer embeded in the ful- 
minate of mercury detonator, to the metnUic body of the 
shell; the other pole is connected with a light copper cone 
fixed in the conical point of the shell and insulated there-' 
from. The shell striking any solid target, either normally 
or otherwise, will cause the outer shell to crush in oi|. 
the insulated cone, close the wet battery circuit and ex-s 
plodc the charge. 

A double dry battery is placed in the point and another 
at the rear end. This last is inserted as a matter of pre- 
caution rather than as an absolute necessity. One element 
of each of these double dry butteries is wet up, and is 
ready for action as soon as the salt water enters the other 
element. Upon the shell entering the water, the drj 
element becomes wet, and the current then passes through 
tt primer which ignites a time train. This in turn ignites 
the detonator. The time train is adjustable so that 
variable submersion before explosion can be obtained, 
The rear dry battery ivclt- in the same mimner should 
the other fail. If tl i.s desired tt» cause the shell to reach 
the bottom before exploding, a water cap is attached ta 
the dry battery in the point of the shell. Provisions are 
made to protect the front and rear butteries from moia^ 
ture until tlie shell has left the bore of the gun. If fight- 
ing in fresh water, a small bag of salt is placed in th* 
dry biitterv fuse case. 
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The first round wii.s a trial fur range. Weight of pro- 
Ijectile loaded with sand, 141 pounds. Elevation 14 ° 52 '. 
F Aimed to right bo as to avoid the target. Firing pressure 
6S0 lbs; filial prefigure 490 lbs. Struck 24 yards to the 
right and 27 yards short, reckoning from the stern of 
the schooner. 

»i The second shot was aimed to hit the target. Eleva- 
•tion 14° 52'. Firing pressure 595 lbs., tiniil pressure 485 
lbs. Struck 8 yards to left and 10 yards short, entering 
■water properly for torpedo action, but did not explode. 
No satisfactory reason for this failure was discovered. 

I The third shot was aimed to hit the target. Elevation 
14° 56'. Firing pressure 605 lbs., final pre.tsure 200 lbs., 
ifdue to accidentally opening the valve a second time). 
51ie shell struck a little a.st«rn of and on starboard quar- 
ter of the target, entering the water at once and exploding, 
apparently, as estimated by the character and height of 
water thrown up, at the proper depth for torpedo action. 
^ Ou bonrding the whooner it was found thiit the main- 
^k mast had been broken off jnwt above the deck and had 
^Klalleu to port. The mast, where it broke off, was very 
^B rotten, (there being only a slight shell of sound wood on 
H tile ontfide) while besides it had been only slightly sup- 
^B ported. Bulkheads were thrown down, and there were 
^B 6ther evidences of the shattering effect of the explosion, 
^p There was about two feet of water in the schooner, and 
^■the planking under the starhoai-d quarter appeared to be 
^■breached. The moorings on the starboard quarter were 
^Bdisturbed so that the ve-ssel drifted a few feet from the 
^■gun and took a position slightly across the line of fire, the 
^l^tem being to the left as viewed from the gun. 
^B The fourth shot was aimed to hit the target. Elevation 
^■14° 56'. Firing i)reKSure 610 lbs, final pressure 505 lbs. 

^H^ 'rata. Tnf. Scrim, 3li-'ai!liag, Offlcr of IfavalliitelUgtnrr. 
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i.Thirt could have been done but for one purpose, viz.: to 
Pprevent ricochet and insure a proper entry into the water 
I for torpedo action. This indicates the neceaaity for a high 

trajectory for a successful action of the projectile. 

"Lieut. Zalini^ki stiited that the angle of the fall of the 

projectile wan IS' or 19°. While the accuracy of the 

»gun i-s such that this high trajectory, with its accompany- 
ing narrow zone, may give satisfactory results when the 
gun is on a steady platform and the target stationary, it 
'will be a very serious condition when both platform and 
target are moving." 

The second trial, which was for rapidity of fire and ac- 
curacy, took place Sept, 30, 188V. The shell were care- 
fully selected and loaded with sand. Seven of them 
I weighed exactly 140 pounds each; two, 140.6 pounds 
each; and one, 142 po\inds. The centre of gravity varied 
between 16 and 16^^ inches fi-om the forward end. The 
firing pressure was 610 pounds; elevation, 14° 56'; times 
<rf flight averaged about 11 seconds. The target, consist- 
ing of a' single buoy with a boat attached, was placed 
1868 yards from the gun. During the firing the wind 
blew with a force of from 3 to 4 (nautical reckoning) and 
Blight be tenned broad off the port bow, looking towards 
the target from the gun. 

The ten rounds were fired in 10 minutes 45 seconds. 
Two of the shell broke up and two ricochetted, either 
being fatal to the torpedo action of the projectile. The 
flight was remarkably steady. All of the shot fell to the 
right of the target, and no attempt was made to correct 
^^the error, which was probably caused by the wind. The 
^Hficcurftcy of the fire may be summarized as follows; 

^ft POINT OF MEAN IMPACT. 

^^ Short, 13.0 yards, 

^M Kight, 13.3 " 



ERRORS. EXTREME. MEAN. 

Longitudinal 37-0 yards 13.2 yards, 

Lateral 8.7 " 3.6 

Dimensions of rectangle containing 25 percent -of proW 
able hits : 

Longitudinal 22,3 yards, 

Lateral 6.1 

A sand-loaded projectile weighing 140 pounds wasthel 
fired for extreme range. Elevation 32° 42'. Firing pr(H 
Bure 975 ponnd.s; final pressure 825 pounds. Time i 
flight 24.5 seconds. Lstinuited range about 4000 yards.1 
Two mind loaded projectiles representing 100-poun« 
shell* were now fired. Weights. 203 and 204 poundsij 
Elevation 15°. Air pressure, 750 pounds; final pressure* 
625 and 615 pound.s. Time of flight 10 seconds. AUoH 
ailce was made in firing for the effect of the wind, 
boat was out to mark the fall of these shot~s so that tin 
point of impact could only be estimated, imd they seemw 
to fall nbout 100 yards short and a little to the left i 
target. At the time thene projectiles were fired flie wat( 
was lumpy and the wind blew with a force of 4 to 5 (natli 
tical). Neither of these projectiles was ns steady in the* 
air as the 60-poun(l ones were. Upon strilting the water 
the tails of both projectiles broke off. and the shell proper 
ricochetted a long distance, the first about 20° to the left, 
and the second about 10° to the right, with a single, very 
high ricochet trajectory. It is probable that the lumpj^— 
condition of the water had something to do with til 
fwveral ricochet shots of the day. The 100-pound shel 
carries the centre of gravity about one foot further to tb 
rear than the 60-pounder, while the steel fins have : 
greater surface, though placed on a longer tail. 

The findings of the Board deduced from careful co» 

The abell uc designated by Ihe weigbl of llie firing chiuice. 
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leration oimeae and other experiments whi 
tritnesi^ed are : 

"1. The dynamite gun is a new instrument of warfare, 
irliich has its own peculiar function in time of war. It 
annot replace any existing weapon, nor can its place be 
Jlfholly taken by any other. 

"2. The value of compressed air as a means of throwing 
projectiles from a gun is chiefly due to the ability of the 
gunner to exactly reproduce a shot, or to accurately 
increase or decrease the range at will, and to the accuracy 
of fire with low velocities. 

"3. The machinery employed by the Company to con- 

Ifavl air at a great pressure has been brought to a high 
degree of efficiency. 

"4. The accuracy of the gun is remarkable. 
*'5. The extreme range is probably about two miles. 
The effective range of projectiles in the trials witnessed 
by the Board has been from 1477 to 1868 yards. 

t'-6. The power of the projectile has been determined 
only in a alight degree. 
"7. The gun appears to be perfectly reliable in its 
WJtion. 
I "8. The system is not a simple one. The gun does 
not require an expensive plant to manufacture and its 
cost should be moderate. Guns of this pattern can be 
mnde in any of the large towns of the country where 
here are machine shops and foundries. 
"9. It is an important weapon for harbor defense. 
"10. It i« adapted to naval warfare whenever mortar 
fire can be used to advantage. 

"11. A modification of it may be valuable to project 
ftorpedoes from ships when at short range. 

"12. It is not expedient to adopt it as a part of the bat^ 
■tery of ships of war until after the efficiency of the guns 
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In this resume no attempt has been made to point out 
the advantiiges or dwadvantages of the various syatems 
proposed, further than what appears in the records 
quoted. 

However we may briefly state that it has been shown 
that large torpedo charges of high explosives have been 
repeatedly, successfully and safely thrown to a distance of 
1864 yards and detonated at that point by means of the 
Pneumatic Dynamite Gun, but that both the strongest 
advocate of this weapon and the Naval Board which 
witnessed the trials with it, disclaim that it in any way 
replaces powder guns. That then both economy and ef- 
ficiency demand that experiments should be continued 
until we possess a perfected system for firing high ex- 
plosive shell from our existing ordnance. That the ex- 
periments cited here tend to show that the successful 
solution of this very important problem is not improbabli 
and that we are soon likely to effect it, and that with 
perhaps the exception of gun-cotton, we are more likely 
to find the explosive sought among the nitro-siibstitution 
compounds, which modern organic chemistry has revealed 
to us, than among the nitric esters. It is this fact which 
has led me, in this brief course of lectures, to dwell to 
such length on the theories, and to note so numy of the 
new bodies which possess explosive properties or which 
may be employed in explosive mixtures. 

In closing I trust it may not appear foreign to the 
subject if I present the following conditions of efficiency 
which 1 first set forth in 1885* and which my subsequent 
daily experience in the use of high explosives tends to 
confirm. 

In deterniing the etficiency of high explosive projectiles 
against an armor-clad vessel, I assume that one of four 

»yan Xitli-amU- Sirs,. Mov. as. l-Oi ISSl. 
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effects may be produced, depending on the resistance of 
armor to penetration, and on the material, thickness of 
wall, profile, weijjcht and velocity of the projectile. 

1. The projectile may either penetrate the armor par- 
tially and explode in place, or pierce it completely and 
burst inside of the ship. This is the condition of greatest 
eftioieucv. 

2. It may exploile immediately upon impact, and before 
breaking up. Then the explosive will exert the energy 
which it develops through explosion in a resisting recep- 
tacle. 

i\. It nuiy rebi>und before exploding. Then the effect 
will be nnhiced by the interposed cushion of air. 

4. It may break up on impact before the explosion takes 
place. Then the energy of the explosive will be simply 
that which it develoj>es when exploded unconfined. 

The n^sistance of an armor to penetration depends 
u|H>n its hanlness, it8 tensile strength (that due to bolting 
as well as that inherent in the metal itself ), and its inertia. 
The latter is augmented by the thickness and weight of 
the armor, and by the rigid system of bracing which now 
obt^uns in pniotice. 

KeferiMuv Un^k. Proc. U, S. Natal Institute. 
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PRACTICAL EXERCISES IN EXPLOSIVES. 



CLASS UNDER INSTRUCTION, 

MAY TO AUGUST, 1888. 



COMPARISON OP EXPLOSIVES WHEN FIRED UNDER WATEE. 

Exercise toqiedo Pattern C filled with gunpowder and 
exploded by D, E. igniter. 

Exercise torpedo Pattern C filled with gunpowder and 
exploded by service detonator. 

Exercise torpedo Pattern C filled with picric powder 
and exploded by D. E. igniter. 

Exercise torpedo Pattern C filled with picric powder 
and exploded by service detonator. 

Exercise torpedo Pattern C filled with rack-a-rock and 
exploded by D, E. igniter 

Exercise torpedo Pattern C filled with rack-a-rock and 
exploded by service detonator. 

Exercise torpedo Pattern C filled with dynamite No. 1 
and exploded by D. E. igniter. 

Exercise torpedo Pattern C filled with dynamite No. 1 
and exploded by service detonator. 

Exercise torpedo Pattern C filled with gun-cotton and 
exploded by D. E. igniter. 

Exercise torpedo Pattern C filled with gun-cotton and 
exploded by service detonator. 



Exercise torpedo Pattern C filled with rack-a-ruck an 
exploded by braag igniter. 

Exercise torpedo Pattern C filled with dyn«iniU> No, ', 
and exploded by brass igniter. 

Exercise torpedo Pattern C filled with gun-cotton i 
exploded by brass igniter. 

The torpedoes were attached to n Harvey bony placed 
at a distance of 200 feet from the firing point, an anchor 
was attached to each torpedo and the latter were sUing 
80 as to be immer8e<I 10 feet beneath the surface, in five 
fathoms of water. The effect jirodnced upon the water; 
the height, form and cliniensiuns of the crater; the acoustic 
and other attending phenomena; and the appearance of 
the material recovered, were all noted. 

FULMINATE OK MERCURY. 

Manufactured fulminate of mercury. 

Charged service detonators with fulminate. 

Fired a blasting cap with Bickford's fuse after deter? 
mining speed of combustion of fuse. 

Fired a wooden D. E. igniter in an empty ExercLs 
torpedo case. 

Fired a wooden D. E. igniter in an Exercise torpedi? 
case filled with damp sand. 

Fired a service detonator in an empty Exercii«e torpedo 
case. 

Fired a service detonator in a block of oak 3\ X 3^ > 
3 inches. 

GUN-COTTON. 

Superintended manufacture. 

Bunied a 50 pound box of wet gun-cotton in a bouft 
Extracted burning discs from bonfire and extingnwhsi 
the flames by means of water and by rolling tm the e 
Detonated partially burned discs. 



Octonnted dry gun-cotton with service dt'tonntora and 
Fanner's machine and with Bickford's fuse and blasting 
caps. 

Detonated wet gun-cotton, in the open, by means of 
dry primers. 

Inspected Chemical Box (No. 16 of G. C. Torpedo 
Outfit) packed ready for issue. 

Made monthly inspection of dry primera. 
Inspected Service G. C. Torpedoes Pattern D, packed 
ready for issue, using contents of Chemical Box. 
Observed method of making heat test. 
« " " , tt, ' " aoliibillty test. 
« " « "' « alkalinity test. , 

" " *' " *' nitrometer test. 

NITItO-GLYCEBINE AND DYNAMITE. 

Observed method of manufacture by Vonges' method. 

Inspected apparatus for manufacture by Hill's method. 

Tested nitro-glycerine and dynamite for acidity. 

Tested dynamite to prove presence of nitro-glycerine. 

Fired Atlas powder No, 1, in the open by both service 
detonators and Fanner's machine, and blasting caps and 
Bickford's fuse, 

SPRINGING MINES. 

Two experiments were made in earth bank at north 
end of Goat Island. In one gun-cotton charges were 
used. In the other Atlas powder charges were used. 

DESTRUCTION OF MATERIAL. 

Stout Spruce timbers 10 X 4| inches were erected at 
north end of Goat Island and they were cut off by charges 
of gun-cotton, both wet and dry, and of Atlas powder No. 1. 
The charges were calculated for the dimensions of the 
timbers, were fastened upon their faces, and were either 
tamped with wet sod or untamped. 



The same experimente were repeated using wrought 
iron I beam.s 5 inches on the face, 9 inches web and | 
inch thickness of web. 

BEHOYAL OF OBSTBUCTIOKS. 

A wreck at Rose Island was destroyed bv means of 
gun-cotton torpedoes. The mass and location of the 
charges used were determined by previous inspection 
and measurement of wreck. 

EXPLOSIONS BY IXFLUEXCE. 

Seven } inch discs of gun-cotton were placed upon an 
armor plate, the discs being separated from one another 
by distances varying from | to 1^ inches and the central 
disc was detonated. 



PBACTICAL EXEECI8ES. 



BOARD OF VISITORS, 



JUUY 30th, 31mT, t888. 



1. Conduct the Board through the Gun-Cotton Factory 
and explain the various processee employed in making 
gun-cotton. 

2. With the apparatus before you, explain the process 
employed at this Station for making nitro-glycerine. 

3. With the apparatus before you, explain the method 
of applying the "heat test" for the utability of gim-t'Otton. 

4. With the apparatus before you, desoribe the method 
of making the solubility test for gun-cotton. 

5. Demonstrate the way in which the "monthly test" 
for dry gun-cotton primers is to be made, using several 
jars of primers. 

6. Explain how fulminate of mercury is made, and 
service detoniitors are filled. 

7. Show by exploding in an empty exercise torpedo 
cat*e, a block of wood, and a can of water, the y>ower of a 
service detonator. 

8. Detonate a disc of dry gun-cotton freely exposed on 
an iron plate. Repeat the experiment, using one disc of 
wet and one of dry gun-cotton. 



9. Using six half-inch discs of dry gun-cotton, show 
what is meant by the term "explosion by influence". 

10. Place a box of wet gun-cotton in a bonfire, and, 
after it is partially consumed, remove some of the un- 
consumed discs and detonate them on an iron plate by 
means of a dry primer. Set fire to a dry disc and ex- 
tinguish it by means of water. 

11. Cut a plank by means of a superficial charge of 
gun-cotton. 

12. Detonate a dynamite cartridge by means of a Bick- 
ford fuse and blasting cap, having previously determined 
the rate at which the fuse bums. 



EXAMINATION 
QUESTIONS IN EXPLOSIVES, 



SUMMER OF 1888. 



1. What is Bellite and how is it made? MTiat advan- 
tngfs are claimed for it? 

2. Describe the process of making fulminatfl of mercury 
and of tilling service detonators aa carried on at the Tor- 
pedo Station. What precautionn nuist bo taken in tho 
manufacture and une of detonators to in,>*ure HueeefM in 
use? Wliat position does tlie detonator hold in any ex- 
plosive system «uch as a torpedo or mine? 

3. What advantage does gun-cotton possess its a naval 
explosive? To what has the feeling of insecurity regard- 
ing the stability of gun-cotton, which has existed in the 
past, been due? What methods are pursued for testing 
military gun-cottiui in order to determine if it is in suitable 
conditiou for issue to the service or for storage on ship- 
hoard? 

4. Describe the process of manufacture of service gun- 
cotton as conducted at the Torpedo Station. In what 
form, condition and containers h it issued to the service? 

5. What advantage would nccrue if our present service 
guns could be safely used under service conditions to pro- 
ject shell filled with high explosives? What are the 



proKpecta of this result being littiiined? Cite some ex- 
periments which have been made looking to this result. 
What is the chief obstacle to success? What are the 
conditions which determine the efficiency of such shell 
when used against armor? 

6. What are the Sprengel mixtures? Cite two ex- 
amples of such, giving composition and mode of use. Has 
either of them been successfully used in practice ? 

v. What is dynamite? How is it made, used, tested, 
and handled, especially when frozen ? How is it exploded 
in the arts? 

8. What is explosive gelatine and how is it made? For 
what purpose is it proposed to use it in war? What ad- 
vantages and disadvantages does it possess for this pur- 
pose? 

9. Show the relation of combustion to explosion and 
detonation. How is the great explosiveness of nitrogen 
chloride explained ? What light has the study of the ex- 
plosive amides and amines thrown upon the properties of 
the explosive compounds in general? 

10. What is Cocoa Powder? Point out how the ad* 
vantages of a high initial velocity with a low pressurOi 
are secured. What is the probable source of the chi 
coal used in the German Cocoa? 
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